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IHTRODUCTIOH
T his th e s is ,  divided in to  fiv e  p a r ts  describes abnormal 
k e ra t in is a t io n  in  human skin  and k e ra tin  form ation under various 
experim ental cond itions.
P a rt I  i s  concerned with the normal process o f k e ra tin  form­
a tio n  in  human skin . Apart from i t s  in t r in s ic  in te r e s t ,  th is  
sec tio n  i s  im portant since i t  compares abnormal and experimental 
processes which are described la te r .  The chemical and physical 
p ro p e rtie s  o f k e ra tin  re levan t to  the p resent study are b r ie f ly  
summarised and an account i s  given o f the  h istochem istry  o f the 
normal process. The histochem ical methods used are evaluated and 
th e i r  relevance to  the p resent study discussed.
P art I I  deals  w ith abnormal k e ra tin is a tio n  in  human skin and 
my in te r e s t  in  th is  subject stems from th is  work. Hyperkeratosis 
and dyskerato sis  are the two main types of abnormality found in  
human sk in  le s io n s . These processes are i l lu s t r a te d  by an 
account o f the morphology and h istochem istry  o f in fe c tiv e  w arts.
The remainder of the th e s is  co n sis ts  of th ree separate but 
re la te d  groups of experimental work. P art I I I  describes 
experim ental s tu d ies  w ith the m ateria l discussed in  P a rt I I .
B ac te rio lo g ica lly  s te r i l e  c e l l  free  f i l t r a t e s  o f d is t in c t  
types o f papillom ata were inoculated on the chorio—a lla n to ic  
membrane o f the developing egg in  an attem pt to produce d is tin c tiv e  
le s io n s . Although th is  aim was not achieved, the membrane reacted
to  the various inocula by squamous m etaplasia w ith the form ation 
o f  k e ra t in .  The morphology and h istochem istry  of the process i s  
described . Human skin was a lso  g ra fted  on to  the membrane and 
i t s  behaviour and re ac tio n  to  inocula with p a r t ic u la r  reference 
to  k e ra tin  form ation are a lso  described.
In  P a rt IV the period ic  k e ra tin is a tio n  o f the vaginal 
epithelium  in  mice during the o estru s cycle i s  considered. This 
study r e s u l t s  from the observation th a t the process i s  abolished 
in  mice which have been g ra fted  with a tran sp lan tab le  c o rtic o -  
tro p h in  sec re tin g  tumour o f p i tu i ta ry  o rig in . The morphology 
and h istochem istry  o f vaginal k e ra tin is a tio n  in  normal LAF 1 mice 
i s  described  and compared w ith the process in  mice bearing c o rtic o -  
tro p h in  and thyro trophin  secre ting  tumours. The e f fe c ts  of 
adrenalectomy and gonadectomy on vaginal k e ra tin is a tio n  in  such 
mice i s  considered in  an attempt to  e luc ida te  the hormonal 
mechanisms involved. The e f fe c ts  o f s te ro id  hormones on vaginal 
epithelium  in  mice i s  d iscussed. This leads to  a consideration  
o f th e i r  e f fe c ts  on epithelium  from various sources and to  the
sub jec t m atter o f  P art V.
P art V i s  the la rg e s t  section  and i s  concerned with the process 
o f k e ra tin  formation in  v i t r o . The techniques o f c e ll  and organ 
cu ltu re  have been u t i l i s e d .  The tis s u e s  cu ltu red  include human 
ad u lt and fo e ta l  sk in , fo e ta l mouse sk in , in fa n ti le  and adu lt mouse
vaginal ep ithelium . These tis s u e s  are shown to  form k e ra tin  in  
v i t ro  and the  morphological and histochem ical find ings a t  various 
stages in  the process are described. In  the previous sec tio n s some 
co n sid e ra tio n  has been given to  those fa c to rs  which are thought to 
in fluence the  process o f k e ra tin  formation in  v ivo. This 
p a r t ic u la r ly  concerns P art IV where the in te ra c tio n s  o f the various 
s te ro id s  and th e i r  e f fe c ts  on vaginal k e ra tin iz a tio n  have been 
d iscussed . The e f fe c t o f incorporating  these and re la te d  sub­
stances in  the cu ltu re  medium i s  described together w ith an 
account o f the  e f fe c t o f non -stero ids, notably  Vitamin A which 
are known to  a f fe c t k e ra tin  formation in  vivo.
To enhance the co n tin u ity  o f the te x t ,  tabu la ted  data , 
tech n ic a l methods not described in  the te x t and i l lu s t r a t io n s  are 
given in  a  separate volume.
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P A R T  I
THE FORMATION OF KERATIN IN 
NORMAL HUMAN SKIN
-  2 -
THE CHEMICAL COMPOSITION OF KERATIN
The term k e ra tin  re fe rs  to  a group of tis su e  p ro te in s  of 
ectodermal o r ig in  which occur widely in  v e rte b ra te s . Compared 
w ith o th e r p ro te in s , r e la t iv e ly  l i t t l e  i s  known about th e i r  d e ta iled  
s tru c tu re , composition or formation. They are r e s is ta n t  to 
d ig estio n  by pepsin and try p s in  and are inso luble in  d ilu te  acids, 
a lk a l ie s  and organic so lven ts. This lack  o f s o lu b il i ty  renders 
them le s s  amenable to  study than o ther p ro te in s .
Block (1951) has shown th a t the to ta l  p ro te in s  of a homo­
logous group have a remarkably constant amino-acid composition.
In the  case of k e ra tin s , however, th is  g e n e ra lisa tio n  does not 
apply. Thus in  Table I  (p . 175) (Ward and Lundgren, I 954) i t  i s  seen 
th a t  the amino-acid composition o f k e ra tin s  from various species 
d i f f e r s .  Further, a v a ria tio n  in  composition also  e x is ts  in  
k e ra tin  from d iffe re n t s i te s  in  the same species, e .g . ,  human skin 
and h a ir .
Flesch (1958) has emphasised th a t caution i s  ind icated  when 
in te rp re tin g  data  in  th is  f ie ld .  In  addition  to  the inherent 
e r ro r  o f the methods used, which he estim ates a t  *y-\§°joy he po in ts  
out th a t  abnormal m ateria l i s  often  su b stitu ted  fo r epidermal 
k e ra tin . Thus, m ateria l re fe rred  to as epithelium  by Block (1951) 
consisted  o f scrapings from a case of ex fo lia tiv e  d e rm a titis .
I t  has also  been pointed out by Rothman (1954) th a t the term
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k e ra tin  o ften  r e fe r s  to  m ateria l which has "been obtained from 
kera tinous s tru c tu re s  (h a ir ,  n a i ls  and horny lay e r o f skin) by 
more or le s s  thorough p u r if ic a tio n  and i t  i s  th e re fo re  r e g re t-  
ab le th a t the terms k e ra tin  and kera tinous s tru c tu re s  have been 
used as i f  they  were synonymous.
The work o f Muting e t  a l .  (1955) escapes th is  s t r ic tu r e .
They compared the amino acid composition o f human epidermal k e ra tin  
(from c a llu s )  w ith th a t o f heat separated epiderm is. Their 
find ings are summarised in  Table I I  (p . 17b). Only two changes 
are e s tab lish ed  by th is  data  as occurring during epidermal k e ra tin ­
is a tio n  -  the disappearance of hydroxyproline and a v ariab le  and 
inconstant r i s e  in  cy stin e .
Despite the various ob jections which have been ra ise d , one 
must conclude from a consideration  o f the re lev an t l i t e r a tu r e  th a t 
there  i s  probably only one constant chemical fea tu re  which character­
is e s  the hydro ly tic  products o f k e ra tin s  compared w ith o ther p ro te in s . 
This i s  a high content o f cy stin e .
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THE PHYSICAL PROPERTIES OF KERATIN
An immense volume o f l i t e r a tu r e  has emerged on th i s  to p ic , 
p a r t ic u la r ly  in  regard to  wool f ib re s .  The basic  s tru c tu re  of 
k e ra tin s  has been e luc ida ted  by Astbury by the  use of the X-ray 
d if f ra c t io n  technique (1933a and b; Astbury and Woods, 1934)*
H air k e ra tin  has been shown by th is  technique to  e x is t  in  two 
forms o f stereo-isom er *o ', the normal folded type and *pf which 
i s  extended.
Giroud and Champetier (1936) found th a t both the k e ra tin ised  
and Malpighian lay e rs  o f the horse b u rr exh ib ited  a p e r io d ic ity  
id e n tic a l to  the a p a tte rn  o f the unstretched  human h a ir .
Mercer (1949) found th a t in  h a ir  the a p a tte rn  appeared in  the 
upper Malpighian lay e r and p e rs is te d  unchanged throughout the 
'keratogenous' zone and in to  the h a ir  i t s e l f .  Giroud and Le— 
blond (1951) pointed out th a t th i s  p a tte rn  i s  not p resent in  
e p i th e l ia l  organs which do not contain tono f ib r i ls*  and suggested 
th a t  these  s tru c tu re s  are the support fo r  the c h a ra c te r is t ic  
p ro te in  w ith an a p a tte rn . This p ro te in  i s  a k e ra tin  precursor 
which becomes f u l ly  k e ra tin ise d  in  the reg ion  of passage from the 
Malpighian lay e r without change in  the  fib ro u s  skeleton , a t  le a s t  
as f a r  as the X-ray p e r io d ic ity  i s  concerned.
Thus in  the normal s ta te  most k e ra tin s  y ie ld  an a spectogram 
p a tte rn . They probably con sis t o f p a ra l le l  polypeptide chains
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which are  fo lded in  a plane transverse  to  the side chains which 
lin k  them (Rothman, 1934)* These side chains are o f considerable 
importance in  the process o f k e ra tin is a tio n . Astbury (1942), fo r 
in s tan ce , s ta te s  th a t  o f  the weight o f wool i s  represen ted  by 
the side chains. The th ree  main types o f cross-linkages between 
neighbouring polypeptide chains are shown in  Figure 1 (p . 200).
B r ie f ly  they  a r e : -  1. S alt cross linkages. 2. Hydrogen 
bonds and b rid g es. 3* Bisulphide bonds.
Extensive in v e stig a tio n s  have been carried  out in to  the 
importance o f these linkages, notably  by Speakman and h is  colleagues 
(Speakman, 1936; Speakman and Townend, 1937; Speakman and S to tt ,  
1938). They a t t r ib u te  many o f the physical p ro p e rtie s  o f wool 
k e ra tin  to  the  d isulphide bond. Other in v es tig a to rs  have 
suggested a more important ro le  fo r hydrogen bonding. Amongst 
these i s  Alexander (1951) who has conducted numerous con traction  
experiments with hydrogen and disulphide bond s p l i t t in g  agents.
He, however, also a t t r ib u te s  an e s se n tia l ro le  in  k e ra tin is a tio n  to 
the d isu lphide groups as he p o s tu la te s  the wool p ro te in  molecules 
leave the h a ir  ro o t in  the form o f a gel which contains free  sulp­
hydryl groups* The m icelles become cross-linked  by the formation 
o f d isu lphide bonds, whereupon the m ateria l becomes a k e ra tin ise d  
fibre*
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THE PROCESS OF KERATIN FORMATION
A. IMTRODUCTIOM
The conversion o f l iv in g  c e l ls  in to  an a c e l lu la r  mass o f 
apparen tly  homogeneous m ateria l -  k e ra tin  -  i s  known as the pro­
cess o f k e ra tin is a tio n  or c o m ific a tio n . L i t t l e  i s  know fo r  
c e r ta in  about th is  process. To th is  lack of basic  inform ation 
there  must be added the d i f f ic u l ty  in  c o rre la tin g  the morphological 
changes w ith  what i s  known about the chemical a l te ra t io n s  involved.
In  the remainder o f th is  section  a resume w ill be given o f 
what i s  known about the chemical processes involved. From the 
preceding b r ie f  consideration  o f the chemical and physical 
p ro p e rtie s  o f k e ra tin , i t  emerges th a t  the ro le  o f sulphur 
containing amino-acids i s  o f paramount importance. The various 
histochem ical methods av a ilab le  fo r  the demonstration o f sulphydryl 
and d isu lphide groups o f these amino-acids w ill  be considered in  
some d e ta i l  and th e i r  s p e c if ic i ty  evaluated. The d is tr ib u tio n  of 
these  groups in  normal human skin i s  a lso  considered in  some d e ta i l .
The ra tio n a le  o f the histochem ical dem onstration and the 
d is tr ib u tio n  o f o ther substances i s  a lso  considered b r ie f ly .  
Technical d e ta i ls  are given in  the appendix (p .289) .
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B. THE CHEMISTRY OF THE TRANSFORMATION OF EPIDERMAL PROTEINS 
INTO KERATIN.
As mentioned e a r l ie r ,  from a comparison o f the chemical 
an a ly s is  o f  the amino-acid composition o f k e ra tin s  and th e i r  
precursors (th e  cytoplasmic p ro te in s  of the  e p i th e l ia l  c e l l s ) ,  
i t  emerges th a t  the only constant chemical d ifference i s  the 
h igher cystine  content o f  the k e ra tin s . This increase in  cystine  
content i s  associa ted  w ith a decrease in  sulphydryl containing 
am ino-acids. Again, the la rg e s t p a rt o f the cystine sulphur in  
the  k e ra tin  molecule i s  present in  the form o f d isulphide c ro ss- 
lin k ag es. Bothman ( 1954) summarises the p o s itio n  when he s ta te s  
th a t  there  can he l i t t l e  doubt th a t during k e ra tin is a tio n  
sulphydryl containing amino-acid residues facing  each o ther on 
neighbouring polypeptide chains w ill close to  form a d isulphide 
cross-lin k ag e .
The form ation of such a d isulphide bond i s  i l lu s t r a te d  by 
Cohn & E dsail (1943)
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In  t h i s  fig u re  the SH containing amino-acid resid u es  
rep resen t cyste ine  and when th e i r  ad jacent SH groups are oxidised 
to  form a S-S group, they w ill form a cystine  residue which bridges 
over two polypeptide chains.
As Rothman (1954) p o in ts  ou t, i t  i s  d i f f i c u l t  to  account fo r  
the lessen ing  o f the amount of methionine as i t s  sulphur i s  not 
l a b i le .  A possib le  explanation may be i t s  u t i l i s a t io n  also  fo r  the 
form ation o f d isulphide c ross-linkages. The main s teps may be as 
described by Marston (1946) and include the dem ethylation of 
methionine to  homocysteine and the form ation o f an ad d itio n  product 
w ith se rin e . HI n a ily  there  i s  incorporation  o f i t s  sulphur in to
the SS c ross-linkages.
C. MORPHOLOGICAL ASPECTS OF KERATINISATION
The h is to lo g ic a l appearances are well known and y ie ld  l i t t l e  
inform ation as to  the b asic  processes involved. I t  i s  im portant, 
as Rothman (1934) p o in ts  ou t, to  re c a l l  th a t the process includes 
not only the conversion o f c e l l  p ro te in s  in to  k e ra tin  f ib re s  but 
also  a complete d is in te g ra tio n  o f the k e ra tin is in g  c e l l .  Under 
normal circum stances, in  a t is s u e  such as sk in , the two processes 
proceed sim ultaneously and by the time the Stratum Comeum i s  
reached th e re  i s  apparen tly  complete decomposition o f both cytoplasm 
and nucleus. The tra n s i t io n  from the squamous (malpighian) c e ll  
lay e r to  th e  a c e llu la r  r e f r a c t i l e  k e ra tin  lay e r  i s  abrupt, the
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zones being separated g en era lly  by one or a t  the  most two lay e rs  
o f c e l l s  o f the  Stratum Granulosum ^figure 2, p. 201).
This may be regarded as a tra n s i t io n a l  zone. The c e l ls  are 
f i l l e d  w ith the  so -ca lled  keratohyalin  which, as i s  w ell e s tab lish ed , 
d i f f e r s  in  s ta in in g  c h a ra c te r is t ic s  from both k e ra tin  and hyalin .
Prom numerous and often  c o n flic tin g  re p o rts  i e . g . , Smith & Park- 
h u rs t, 1949$ Lansing & Opdyke, 1990; Leuchtenberger & Lund, 1951)> 
th e i r  p rec ise  chemical nature remains in  doubt. Indeed l i t t l e  
evidence remains th a t  they  are k e ra tin  precursors as was form erly 
supposed and they probably are c e l lu la r  degeneration products.
The to n o f ib r i ls  which Unna Sc Schumacher ^1925) described under the 
heading o f spongioplasma and which have been im plicated frequen tly  
in  the process o f k e ra tin  form ation are a lso  s tru c tu re s  about which 
l i t t l e  d e f in ite  i s  known. Rothman ^1954) summarises the p o s itio n  
by saying -  '’th e ir  morphology, re la t io n  to in te rc e l lu la r  spines, 
co n tin u ity  beyond c e ll  boundaries and even very existence are not 
e s ta b lish ed  on morphological grounds, in  sp ite  of the fabulous 
development o f morphological methods such as phase o r e lec tro n  
microscopy”.
D. HISTOCHEMISTRY OF KERATINISATIOM.
1 . in tro d u c tio n . This section  deals  w ith the histochem ical findings 
in  normal human adult skin .
As discussed in  the previous sec tio n s, compared with i t s
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precursor -  the cytoplasmic p ro te in s  of the epiderm is -  the 
c h a ra c te r is t ic  fea tu re  o f k e ra tin  i s  the higher concentration  o f 
c y s tin e . The ox idative closure o f sulphydryl groups to  d i-su lph ide  
i s  a lso  o f  considerable importance in  the present study. The 
methods fo r  sulphydryl and d isu lph ides w ill th erefo re  he discussed 
in  much g re a te r  d e ta i l  than those employed to  demonstrate o ther 
substances.
M u lt human skin used in  th is  study was obtained from the 
Department o f P la s t ic  Surgery. I t  was removed g en e ra lly  from the 
th ig h s  o r lower abdomen, and placed in to  f ix a tiv e  w ith in  15 minutes 
o f removal. D e ta ils  o f f ix a tio n , t is s u e  processing and s ta in in g  
methods are given in  the appendix of techn ical methods ( p .288) .
2. Histochemical Demonstration of Sulphydryl and Disulphide Groups. 
Four methods have been studied:
1 . Red sulphydryl reagent (Bennett, 1951)•
2. Ferricyanide (Chevremont & F rederic , 1943)•
3. Performic ac id -a lc ian  blue (Adams & Sloper, 1955 & 195&)»
4 . Di hydro xy-dinapthyl-d i sulphide (B arm ett & Seligman, 1952).
The f i r s t  three methods proved unsu itab le  fo r  the reasons
given. That o f B arrne tt and Seligman (1952) was found to  give 
s a tis fa c to ry  r e s u l ts  and th e re a f te r  was employed ro u tin e ly . I t  
w ill th e re fo re  be considered in  more d e ta i l  than the o th e rs .
Bed Sulphydryl Reagent ( Bennett» 1951)
This method i s  based on the reac tio n  o f Mercaptans with 1-
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(4-chlorom ercuriphenylazo ) - 2~napthol. With i t  there  i s  the 
p o s s ib i l i ty  o f no n -sp ec ific  attachment to  o th e r p ro te in  groups, 
although, in  p ra c tic e , i t  i s  possib le  by using various SH blocking 
agents to  demonstrate a high degree o f s p e c if ic i ty . This method 
was o r ig in a l ly  applied  to  teased  tis su e  p repara tions and i t  has 
been found th a t  the colour re a c tio n  in  t is s u e  sec tio n s i s  too fa in t  
fo r  s a tis fa c to ry  lo c a lis a tio n  w ith the l ig h t  microscope.
F e rric  Ferricyanide (Chevremont & F rederic , 1943)
This method depends on the reduction  o f a fre sh  so lu tio n  o f 
fericyan ide  a t  pH 2.4 by SH groups. The re su ltin g  ferrocyanide 
combines w ith f e r r ic  iro n  to give a p re c ip ita te  o f P russian Blue. 
Objections to th is  method include the p o s s ib i l i ty  th a t groups o ther 
than SH may be oxid ised . This can be overcome by adequate con tro ls  
but in  p ra c tic e  i t  renders the method cumbersome. Further, 
fe rricy an id e  f a i l s  to oxid ise a l l  the SH groups and there  i s  no 
well defined end point to  the reac tio n .
Performic Acid -  Alcian Blue (Adams & Slopert 1955» 1956)
This method i s  probably the best of several which are based on 
the  se le c tiv e  oxidation o f cystine by performic ac id . I t  includes 
the subsequent reac tio n  o f the sulphonic acid  reac tio n  product in  
an ac id  so lu tio n  with the pthalocyanin dye, Alcian Blue. Cystine 
appears in  varying shades o f blue according to  the concentration 
p resen t.
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Pearse ( i 960) s ta te s  th a t the s p e c if ic i ty  of the method i s  
h igh, hut no tes th a t  the s e n s i t iv i ty  i s  low and th ere fo re  
dem onstrates only high concentrations o f cy stin e . This i s  in  
keeping w ith the find ings in  the p resent study. In  ad d itio n , i t  
has heen found th a t  there  i s  a r e la t iv e ly  lim ited  range o f 
in te n s i ty  o f  s ta in in g  rendering i t  d i f f i c u l t  to  do more than 
separate  various areas broadly in to  'high* and ‘low* concen trations.
' /  D ihydroxy-dinapthyl-disulphide (B arm ett & Seligman. 1952)
Rationale o f the method: B arm ett and Seligman (1952) devised
the above compound fo r the demonstration o f sulphydryl groups.
I t  contains a disulphide linkage (the sp ec ific  ox idative group) 
and a napffchol moiety to  form an azo dye.
^ / ' This reagent 22* dihydroxy-dinapthyl-66 ' d isulphide ( I ) ,  as 
shown in  fig u re  3 (p . 202) when used in  excess a t pH 8.5  re a c ts  
w ith the SH groups o f fixed  tis su e  p ro te in s  to form one p ro te in
r - h
napthyl sulphide ( I I )  and one free  napkhyl mercaptan ( H I ) .  A 
diazonium s a l t  such as te tra z o tis e d  d io rthoan isid ine  (Past Blue B)
r
^  combines w ith the napthyl moiety to  form an azo dye (IV) • The 
co lo u rless  oxidation product ( I I )  i s  inso lub le  in  both water and 
e th e r alcohol so th a t the excess o f the reagent ( I ) ,  as well as the 
reduced reac tio n  by-products ( I I I )  can be washed out o f  the tissu e  
w ith organic so lven ts.
Thus a t  the s i te  o f p ro te in  sulphydryl groups there  i s  the 
rap id  development o f e i th e r  a red  o r a blue colour. These colours
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are  in te rp re te d  by B arm ett and Seligman (1952)  to  in d ic a te  e ith e r  
monocoupling or dicoupling resp ec tiv e ly , and the l a t t e r  the higher 
concen tra tion .
The S p e c if ic ity  o f the Method: This depends on the s p e c if ic i ty  of
the reac tio n  o f d isulphide w ith sulphydryl groups a t  a lk a lin e  pH, 
as d isu lph ides do not oxidise any groups in  p ro te in s  o th er than 
sulphydryls.
The o rig in a l authors s ta te  th a t i t  i s  not merely oxidation or 
reduction  w ith tra n s fe r  of e lec tro n s , but the napthyl moiety i s  
tra n s fe rre d  to the p ro te in s  and becomes p a r t o f the oxidation  
product, a p ro te in  napthyl sulphide, and because th is  compound i s  
formed the reac tio n  i s  sp e c if ic . The s p e c if ic i ty  i s  proved by the 
lo s s  o f s o lu b il i ty  in  organic so lvents of th i s  napthyl moiety from 
which the pigment i s  produced.
Bdrther proof o f the sp e c if ic i ty  i s  the elim ination  of the 
re ac tio n  in  t is s u e s  in  which the SH groups are previously  oxidised 
w ith  iod ine; subsequent treatm ent with a reducing agent re s to re s  
the re a c tio n , in  add ition  to those groups obtained from n a tu ra lly  
occurring  SS groups. Pretreatm ent with sp ec ific  blocking agents 
such as iodoacetate or N—ethy l maleimide also  abolishes the reac tio n .
I t  can a lso  be prevented by incubating with excess sulphydryl 
(g lu ta th io n e ) before the reac tio n  with the diazonium s a l t .
Pearse (I960) accepts the th e o re tic a l s p e c if ic i ty  o f the method 
bu t no tes th a t ,  in  p rac tic e , a p o sitiv e  reac tio n  may be obtained in  sites
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which are  supposedly free  from sulphydryl groups* Two possib le  
exp lanations e x is t :  (1 ) a diazonium reac tio n  w ith h is t id in e  and
ty ro s in e  re sid u es  o r (2) the incomplete ex trac tio n  o f excess DDD 
reagent o r  the reac tio n  by-product (6 th io  2 n ap th y l). He suggests 
th a t  the l a t t e r  i s  the more im portant.
These find ings have been confirmed in  the present study.
Thus i n i t i a l l y  in  many o f the sections of skin th ere  was fa in t  to  
moderate re ac tio n  in  the dermis, presumably in  the e la s t ic  t is s u e . 
Subsequently i t  was found th a t adequate washing in  the organic 
so lven ts abo lishes i t ,  the times recommended by the o rig in a l authors 
being the minimum p o ssib le . D eta ils  are given in  the techn ica l 
appendix ( p .289) .  I t  i s  concluded therefo re  th a t ,  providing 
p a r t ic u la r  a t te n tio n  has been paid to  th is  important techn ica l 
p o in t, the  s p e c if ic i ty  o f the  method i s  high.
Method fo r  the  Demonstration o f Disulphide Groups: The DDD method
was subsequently modified by the o rig in a l authors (B arm ett and 
Seligman, 1954) to  demonstrate disulphide groups. This involves 
the ir re v e rs ib le  blocking of the ex is tin g  SH groups in  the tis s u e s  
and the  reduction  o f the SS groups to SH.
In th e  present study blocking was achieved by 0*1 m. U—ethyl 
maleimide. This blocking was found to  be unaffected by the 
r e la t iv e ly  weak reducing agent potassium cyanide. D e ta ils  are 
given in  the techn ica l appendix (p .290) .
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D is tr ib u tio n  in  Normal Adult Human Skin
Sulphydryl Groups: The reac tio n  i s  almost completely confined to
the cytoplasm o f the cells*  The only in tran u c lea r s tru c tu re  which 
re a c ts  a t  a l l ,  and then only f a in tly ,  i s  the nucleolus* The 
in te n s i ty  o f the s ta in in g  in  the basal and squamous lay e rs  i s  
moderate and fo r  the g re a te r  p a rt uniform throughout. Super­
f i c i a l l y  the  squamous lay e r , a t i t s  junction  with the k e ra tin  lay e r, 
shows a zone o f  moderately increased in te n s ity  o f s ta in in g . This 
zone includes the Stratum Granulosum but the keratohyalin  granules 
are not reactive*  The k e ra tin  lay e r i s  much le s s  reactive* An 
approximation o f the in te n s ity  o f the s ta in in g  might be 5&/> th a t o f 
the  squamous lay e rs  (fig u re  4> P*203).
P i sulphide Groups: These groups give an extremely fa in t  reac tio n
in  the b asa l and squamous lay e rs . The reac tio n  i s  uniform through­
ou t, th e re  being no in te n s if ic a tio n  in  the Stratum Granulosum*
Agftiw -the kera tohyalin  granules are completely unreactive. The 
s ta in in g  in  the k e ra tin  lay er i s  much more in tense and in  many 
in s tan ces  i t  i s  the only s tru c tu re  which i s  v is ib le  (fig u re  5* P*20 3).
These find ings are in  general agreement with those o f B arm ett 
and Seligman (1954), who studied r a t  skin and Montagna e t  al* (1954) 
who in v es tig a te d  m aterial* They do not confirm the f in dings
o f Giroud and Leblond (1951) > who claim th a t the in te n s if ic a tio n  
o f the sulphydryl reac tio n  in  what they described as the "kerato-
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genous zone*' i s  only present in  the so -ca lled  "hard" k e ra tin s  such 
as n a i ls  o r  h a i r ,  and does not occur in  "so ft"  k e ra tin  s tru c tu re s  
such as  sk in . They are also  not in  agreement w ith Van Scott and 
H esch  ( 1934) who found the concentration of d isulphide groups 
was the same in  the squamous and k e ra tin  lay e rs , and th a t the 
concen tra tion  o f the sulphydryl groups in  the squamous lay e r was 
r e la t iv e ly  small and became even sm aller during k e ra tin is a tio n .
3# Other Histochemical Methods.
Glycogen: Although squamous epithelium  elsewhere in  the body often
contains abundant glycogen, human skin contains re la t iv e ly  l i t t l e  
(W islocki e t  a l . , 1951)* The methods of f ix a tio n  and processing 
in fluence th e  amount demonstrable. Thus, much higher concentrations 
o f glycogen in  various s i t e s  have been demonstrated when the tis su e s  
have been fix ed  by the technique of freeze drying (Mancini, 1948)* 
Again the amount demonstrable v a rie s  w ith the method used.
Throughout the p resent study the method used i s  th a t o f  the Periodic 
ac id -S ch iff  (Appendix, p .291). Control sections are sta ined  a f te r  
treatm ent w ith sa liv a  or 1$ d iastase  fo r 30 minutes. The 
s p e c if ic i ty  o f th is  method has been discussed a t length  by Pearse 
( i 960) who considers th a t there  i s  no doubt th a t glycogen present 
in  fix ed  sec tio n s  i s  always e n tire ly  removable by sa liv a  or 
d ia s ta se . Therefore in  the subsequent descrip tions the term 
glycogen re fe r s  to  S ch iff po sitiv e  m ateria l which i s  removable by
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d ia s ta se  o r s a liv a .
In  normal human epiderm is the amount o f glycogen demonstrable 
by th i s  method i s  scanty and d is tr ib u te d  ir re g u la r ly . Thus, i t  i s  
com pletely absent in  the basal and k e ra tin  la y e rs , apart from the 
basement membrane a t  the dermo-epidermal junction . When present 
in  the squamous lay e r i t  i s  r e s t r ic te d  to the ou ter h a lf  o f th i s  
la y e r  and i t  tends to be present in  groups of adjacent c e l l s .  I t  
i s  again more abundant around the o r if ic e s  of the pilo-sebaceous 
f o l l i c l e s .  I t  i s  extremely scanty in  Stratum Granulosum and i t  i s  
not demonstrable in  the keratohyalin  granules.
Deoxyribonucleic Acid: The Feulgen reac tio n  (Peulgen & Rossenbeck,
1924) was used throughout. In  th is  reac tio n  Schiff*s reagent 
(Puchsin sulphurous acid) reac ts  with aldehyde groups re leased  
from the  deoxypentose sugar of DNA by mild acid hydro lysis, and 
DNA i s  demonstrable as purple coloured m ateria l.
Again the s p e c if ic i ty  i s  discussed a t  length by Pearse ( i 960) , 
and subsequently the purple m aterial which remains a f te r  th is  
reac tio n  i s  regarded as DNA.
I t  i s  norm ally confined to  the nucleus and in  the basal and 
lower squamous c e l ls  i t  i s  present as fine purple granule s  o f 
uniform s iz e . As the squamous c e l ls  approach the Stratum Granulosum 
th ere  i s  a rap id  but uniform condensation o f the nuclei u n t i l  they 
appear as t in y  so lid  masses o f DNA. The keratohyalin  granules are
completely unreactive w ith th is  method.
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Ribonucleic Acid: The method used (Brachet, I 942) depends on the
sp e c if ic  depolym erisation o f ribonucle ic  acid (ENA) by the enzyme 
ribonuclease and the subsequent red  s ta in in g  with a so lu tion  o f 
pyronin-methyl green. M aterial which i s  removable by ribonuclease 
i s  considered to  be ENA, This method was found to give r e la t iv e ly
poor cy to lo g ica l d e ta i l .  The reac tio n  i s  confined to the cyto­
plasm w ith  the exception of the nucleo li which g en era lly  s ta in  with 
moderate in te n s i ty .  The c e l ls  o f the basal and lower squamous 
lay e rs  show the h ighest concentration and there i s  a gradual 
dim inution in  s ta in in g  u n t i l  the lowest lev e l i s  reached in  the 
g ran u la r la y e r . The keratohyalin  granules are found to  be 
uniform ly unreactive with th is  method.
A lkaline Phosphatase: The Azo coupling technique as modified by
Pearse ( i 960) was u t i l i s e d .  S taining i s  confined to  the 
c a p i l la r ie s  o f the dermal p a p illa e . No enzyme i s  demonstrable in  
ft© epiderm is and, in  p a r t ic u la r , the keratohyalin  granules are 
com pletely u n reac tive .
Acid Phosphatase: H o lt 's  m odification of Gomori's method was
used (H olt, 1959). By th is  method the p re c ip ita te  forms a dense 
band a t  th e  junction  o f the squamous and k e ra tin  layers* Precise 
lo c a l is a t io n  a t  th i s  lev e l i s  very d i f f ic u l t  but the keratohyalin  
g ranu les, where they  can be p o s itiv e ly  id e n tif ie d , are unreactive 
(fig u re  6 , p. 204) .
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CONCLUSIONS
The k e ra tin s  are a widely occurring group o f substances whose 
main function  i s  o f  a p ro tec tiv e  na tu re . As has been i l lu s t r a te d ,  
they  have a v a riab le  amino-acid composition. This holds between 
d if fe re n t species and between k e ra tin s  from d iffe re n t s i te s  in  the 
same sp ec ies . In  view of th is  i t  i s ,  perhaps, ra th e r  surp rising  
th a t attem pts have been made to c la s s ify  the various types of 
k e ra tin  on the b a s is  o f th e ir  chemical composition. Thus Block 
( 1939)9 on the b a s is  of the amino-acid molecular r a t io ,  c la s s if ie d  
human epidermal k e ra tin  as a pseudo-keratin along with to r to is e ­
s h e ll ,  Griroud e t  a l . (1934)> on the b as is  of a combination o f 
chemical and physical p ro p e rtie s , separated k e ra tin s  in to  hard and 
s o f t ,  epidermal k e ra tin  being in  the l a t t e r  category.
Although in  general these c la s s if ic a tio n s  may be of some 
value, they  do no t stand up to  c r i t i c a l  an a ly sis . Thus in  the 
previous sec tio n  i t  has been shown th a t in  human skin (a  'so ft*  
k e ra tin  s tru c tu re )  there i s  an in te n s if ic a tio n  of the sulphydryl 
s ta in in g  a t  the junction  o f the squamous and k e ra tin  la y e rs . This 
so -ca lled  "keratogenous zone of Giroud" was described by him as 
only occurring  in  hard k e ra tin s . In  any event, i t  i s  probable 
th a t  Rothman (1954) i s  co rrect when he s ta te s  "k e ra tin isa tio n  i s  
a progressive process and thus i t  i s  the degree o f k e ra tin isa tio n  
which determ ines how the end product w ill behave".
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Again the analyses o f the p recise  chemical composition o f 
th e  k e ra tin s  has yielded widely varying r e s u l ts .  O verall, the 
d a ta  on k e ra tin s  reproduced from Block (1951) appears to have 
gained most general acceptance. More recen tly  Muting a t a l .
(1955) have produced e s s e n tia l ly  s im ila r  data  w ith p a r t ic u la r  
resp ec t to  the amino-acid composition of the human epiderm is and 
human epidermal k e ra tin . Their find ings have been c r i t ic i s e d  by 
Flesch (1958) on the grounds th a t cystine values are su rp ris in g ly  
h igh. The same author, however, concludes desp ite  th i s  c r itic ism  
th a t  a v a riab le  and occasionally  inconstant r is e  in  cystine i s  the 
only d e f in ite ly  e s tab lish ed  change in  the course of epidermal 
k e ra tin is a tio n .
L ustig  e t a l .  (1958) have also analysed the chemical composition 
o f k e ra tin s  from skin d iseases such as p so r ia s is , e x fo lia tiv e  
d e rm a titis  and dissem inated neuroderm atitis. Although th e i r  
values aga in were lower, there  was s t i l l  a r is e  in  various amino- 
ac ids and p a r t ic u la r ly  cy stin e , when they were compared with those 
o f epiderm is. They found no d ifference in  the amino-acid 
composition in  the k e ra tin  from the various d iso rd ers.
I t  appears, th e re fo re , th a t there  i s  no good evidence against 
the statem ent th a t ,  although k e ra tin s  show a f a i r ly  wide v a ria tio n  
in  composition, the one chemical fea tu re  which i s  constan tly  
p resent i s  a v ariab le  but higher concentration of cystine compared 
with a p recursor such as the epiderm is.
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L i t t l e  d e f in ite  evidence e x is ts  on the p recise  nature o f 
th i s  chemical change. Thus Elesch (1958) has p o stu la ted  th a t 
k e ra t in is a t io n  i s  a two step  process, the f i r s t  being the formation 
o f a f ib ro u s  precursor in  the epidermis with l i t t l e  or no sulphur. 
This p recursor then combines with sulphur containing p ro te in s  to  
form the consolidated k e ra tin .
The nature of th is  fib rous precursor i s  doubtfu l. However, 
Rudall (1946) has ex trac ted  from the cow's nose a fib rous p ro te in  
substance which he ca lled  epidermin. Roe (1956, a and b) in  
e x trac tio n  s tu d ies  on human skin with lith ium  bromide found th a t 
a substance could be ex trac ted  which a f te r  s tre tch in g  showed an 
o X-ray d if f ra c tio n  p a tte rn . However, th e re  i s  s t i l l  no d e f in ite  
evidence to  disprove the widely accepted and a t tra c t iv e  theory th a t 
the f in a l  conso lidation  o f the k e ra tin  molecule takes place by the 
ox idative closure o f adjacent sulphydryl groups to  form disulphide 
cross linkages.
The p o in ts  in  favour o f the s p e c if ic i ty  o f the dihydroxy- 
dinapthyl—d i sulphide s ta in  fo r demonstrating such linkages have 
already been discussed. Xt i s  considered to  be the b es t s ta in  
av a ilab le  a t the moment fo r th is  purpose and, i f  a tte n tio n  i s  paid 
to  tech n ica l d e ta i l ,  i t s  s p e c if ic i ty  i s  high, giving co n s is ten tly  
r e l ia b le  r e s u l t s .  I t  i s  d i f f ic u l t  to  explain the presence o f SH 
groups in  add ition  to SS in  the k e ra tin  lay e r, but i t  i s  believed
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th a t  th e i r  presence in  both the squamous and the k e ra tin  lay e rs  
does not in v a lid a te  in  any way the contention th a t  ox idation  of 
these groups i s  an e s se n tia l  p a rt of the k e ra tin is a tio n  process.
They are undoubtedly reduced in  amount and the fa c t th a t d i sulphide 
has only been shown in  the m ateria l which i s  g en era lly  accepted as 
k e ra tin , would give fu rth e r  support to th is  view. The presence 
o f the increase  in  SH groups in  the zone o f t r a n s i t io n  i s  also 
d i f f i c u l t  to exp lain . I t  may be th a t  a t  the time of k e ra tin is a tio n  
th ere  i s  a hyd ro ly tic  s p l i t t in g  o ff  o f amino-acids which do not 
contain  sulphur with a re la t iv e  increase o f those which do contain 
sulphur. In  any event, i t  in  no way d e tra c ts  from the hypothesis.
Ibrom the e a r l ie r  descrip tio n s  about what i s  known about the 
chem istry o f k e ra tin is a tio n  i t  i s  not su rp risin g  th a t  the o ther 
histochem ical methods have yielded l i t t l e  o f d ire c t value. I t  
i s  im portant to  remember, as has been pointed out by Rothman (1954)> 
th a t  the terms k e ra tin  and keratinous s tru c tu re s  are not id e n tic a l .  
Again, i t  i s  re levan t th a t the chemical analyses of k e ra tin s  have 
been c a rried  out on p u rif ie d  m aterial in  th a t l ip id s  and o ther 
substances have been previously  removed. A sim ila r s ta te  o f a f f a i r s  
e x is ts  in  sec tions o f skin which have been processed in  various 
so lven ts and embedded in  p a ra ff in  wax. Thus, when th inking about 
k e ra tin is a tio n , one may tend to  fo rget th a t  the k e ra tin  la y e r  
(S. Corneum) contains substances o ther than k e ra tin .
Thus, as Flesch (1958) po in ts ou t, the water soluble components,
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which amongst o thers  include carbohydrates, urea and fre e  amino- 
ac id s , are e s se n tia l fo r the normal shedding process o f k e ra tin .
I f  th e i r  metabolism i s  d istu rbed  e ith e r  by a d isease such as 
p s o r ia s is  or from exposure to  physical agents such as excessive 
cold or chemical agents such as detergen ts, scaling  and o ther 
abnorm alities may r e s u l t .
The source o f these substances i s ,  of course, not so le ly  
confined to  the epiderm is. Thus in  a d e ta ile d  study by gas 
chromatography of the surface l ip id s ,  Reinertson and Wheatley (1959) 
have shown th a t these l ip id s  consist of a mixture of sebaceous gland 
products and o f l ip id  from the k e ra tin is in g  epiderm is.
The presence of such l ip id s  may explain  the i n i t i a l l y  
puzzling find ing  o f the high concentration o f acid phosphatase 
in  the interm ediate zone between the squamous and k e ra tin  lay e rs .
t
I t  i s  ^Weye:jr probable th a t the breakdown of phospholipids as 
undoubtedly occurs in  th is  region (Reinertson & Wheatl^, 1959) 
i s  dependent upon th is  enzyme.
In  summary the o ther histochem ical methods showed only 
those find ings which might be expected w ith the accompanying 
degeneration o f the c e l l .
A constant fea tu re  in  normal skin a t  the tra n s it io n  zone 
between the squamous and k e ra tin  lay ers  i s  the presence of 
kera tohyalin  granules. As has been already stated , on morphological 
grounds they have been im plicated on numerous occasions as k e ra tin
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precurso rs "but there  i s  r e a l ly  l i t t l e  d e f in ite  evidence to  support 
th i s  view. Recently Brody (1959)> i *1 an e lec tro n  microscopic 
study o f these  s tru c tu re s  in  the normal epidermis o f the guinea- 
p ig , claimed th a t  tonofilam ent bundles in  th is  lay e r are o rien ted  
around the  granules and again suggests th a t they rep resen t a 
p recurso r s ta te  in  the k e ra tin  p a tte rn . The evidence fo r th is  i s  
probably inconclusive. Selby (1957) using human skin could not 
demonstrate any such re la tio n sh ip  in  an e a r l ie r  study. The present 
fin d in g s  do not o ffe r  any fre sh  evidence but the complete absence 
o f any re a c tio n  in  the granules fo r e i th e r  sulphydryl and disulphide 
groups s trong ly  suggests th a t they are not d ire c t ly  involved in  the 
process o f k e ra tin is a tio n  and are , in  fa c t ,  probably degenerative 
"by-pro duet s ".
On the purely  morphological aspects of k e ra tin is a tio n , as 
m anifest by the usual Haematoxylin and Eosin sta ined  sec tions, 
th i s  survey has l i t t l e  fre sh  to  add. The to n o f ib r i ls  of c la s s ic a l 
h is to lo g y  which were thought to  be the b a s is  of the process o f 
k e ra tin is a tio n  were not seen with any degree o f re g u la r ity . They 
were so randomly d is tr ib u te d  th a t one must a t  le a s t ,  as f a r  as the 
l ig h t  microscopy goes, agree with Medawar (1953) who s ta te d  th a t 
to n o f ib r i ls  have most o f the stigm ata o f a r te fa c ts .  He continues, 
however, " th a t possib ly  a l l  h is to lo g ica l appearances are a r te fa c ts  
in  the sense th a t  they rep resen t, as a re su lt  of tech n ica l processr- 
ing , a coarsening o f the submicroscopic liv in g  system to  the lev e l
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o f m icroscopical v i s ib i l i t y ”.
However, e lec tro n  microscopic s tu d ies  have extended the 
morphological approach to th is  submicroscopic l iv in g  system. 
Various types o f e p ith e lia  have been studied (P o rte r , 1954; Weiss 
& F e r r is ,  1954; Odland, 1958), and s tru c tu re s  which have been 
described  as  to n o f ib r i ls  can be demonstrated. Their p rec ise  
ro le  in  the process o f k e ra tin is a tio n , however, s t i l l  remains to  
be e lu c id a ted .
Thus Swanbeck (1959) has recen tly  made fu rth e r  X-ray 
d if f ra c t io n  s tud ies  of human m ateria l and found th a t the f ib r i l s  
o f  the squamous lay er are sca tte red  independently and they 
measure 260A. He suggests th a t the aggregation of seven tono­
f i b r i l s  in to  th is  260A f i b r i l  i s  the main step  in  the process o f 
k e ra tin is a tio n  and th a t th i s  would f i t  w ith the molecular model 
which was proposed by Pauling and Corey (1953)* He does, however, 
s tr e s s  th a t  he puts th is  theory forward on a purely  speculative 
b a s is .  Thus the basic  process of k e ra tin isa tio n  although no 
doubt n earer so lu tion , remains unsolved.
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SUMMARY
K eratin s  are  fib ro u s  p ro te in s  which are widely d is tr ib u te d  
and are  ch arac te rised  by a v ariab le  amino-acid composition.
From a survey of the re lev an t l i t e r a tu r e ,  i t  emerges th a t  there  i s  
only  one constant chemical fea tu re  which ch a rac te rises  the k e ra tin s  
as compared w ith o ther p ro te in s , namely a high content o f  cy stin e . 
F u rther, in  the process o f k e ra tin is a tio n  there are only two changes 
which have been demonstrated with any degree o f constancy, a 
disappearance o f hydroxyproline and a variab le  r is e  in  cy stin e .
The la rg e s t  p a rt o f the cystine sulphur i s  present in  the form 
o f d isu lphide cross linkages. There i s  no s a tis fa c to ry  evidence 
to  disprove the reasonable hypothesis th a t during the process o f 
k e ra tin is a tio n  the f in a l  consolidation of the molecule i s  brought 
about by the oxidative closure o f sulphydryl containing amino-acid 
resid u es  on neighbouring polypeptide chains, thus forming d i sul­
phide cross  linkages.
The standard methods fo r  the histochem ical demonstration of 
these groups have been applied to normal human adult sk in . Of 
these only the dihydroxy-dinapthyl-disulphide method has proved to  
be s a tis fa c to ry , both as regards th e o re tic a l s p e c if ic i ty  and the 
co n sis ten t production o f comparable find ings. With th is  method 
i t  has been shown th a t sulphydryl groups are present in  the squamous 
c e ll  la y e r , and, although in  considerably lower concentration, are
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also  p resen t in  the k e ra tin  la y e r . There i s  a marked increase 
in  concen tra tion  a t the junction  of these two la y e rs . The 
kera to h y a lin  granules are unreactive and are considered to  he 
products o f the degenerating c e l l .  Disulphide groups are only
demonstrable in  the k e ra tin  lay e r. These find ings are considered
to  give support to the cu rren tly  accepted hypothesis o f the 
mechanism o f the k e ra tin is a tio n  process. The o ther methods 
employed have not contributed  anything fu rth e r  to  a study o f th is  
p rocess. The find ings are , however, o f importance as standards 
fo r  comparison with those in  abnormal k e ra tin is a tio n .
P A R T  I I  
ABNORMAL KERATINISATION IN HUMAN SKIN
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INTRODUCTION
Abnormal k e ra tin is a tio n  o f squamous epithelium  i s  genera lly  
p resen t in  one o f two ways.
1. H yperkeratosis where there  i s  excessive th ickness o f 
the  S. come urn. This i s  u su a lly  associated  w ith 
h yperp lasia  o f the squamous lay e r.
2 . D yskeratosis where there  i s  abnormal k e ra tin is a tio n  of 
ind iv idual c e l ls  which often  show premature k e ra tin is a tio n  
w ith in  the squamous la y e r .
Often both types are present in  the same lesio n  and they occur 
in  many skin  d iseases . Hyperkeratosis i s  commonly found in  various 
re a c tiv e  s ta te s ,  such as p so ria s is  or lich en  planus, which are 
ch a rac te rised  by hyperplasia of the epiderm is. I t  i s  also  
freq u en tly  seen in  hyperp lastic  conditions such as sen ile  k e ra to s is . 
D yskeratosis i s  u su a lly  divided in to  two types -  benign dyskeratosis, 
such as i s  seen in  D arier*s d isease, and malignant dyskeratosis, 
e .g . ,  in traepiderm al carcinoma.
A common le s io n  which provides a good model fo r  a study of 
abnormal k e ra tin is a tio n  in  human skin i s  the simple squamous 
papillom a -* verruca v u lg a ris . Through the co-operation o f Dr. T. 
Cochrane, i t  was possib le  to  study la rg e  numbers o f these le s io n s  
in  considerable d e ta i l .  Although a l l  were considered c l in ic a l ly  to
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be verrucae vu lgares, two h is to lo g ic a lly  d is t in c t  types were found 
and each showed abnormal k e ra tin  formation. In  one group, the 
production i s  excessive hut s t i l l  o rderly , i . e . ,  hyperkeratosis .
In  the  o th e r , while excessive k e ra tin  i s  produced, the process 
i s  much le s s  reg u la r and shows k e ra tin isa tio n  of ind iv idual c e l ls ,  
deep in  th e  squamous lay e r, i . e . ,  an excellen t example of 
d y sk era to s is .
In  ad d itio n , the two types show d is tin c tiv e  c l in ic a l  fea tu res . 
The ' d y sk e ra to tic * type, i s  also  associated  with in tran u c lear 
'inclusion*  bodies.
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CLINICAL FEATURES OF VERRUCAS VULGARIS
Pour hundred w arts were examined from 164 p a tien ts  and, as 
can he seen (Table I I I ,  p. 177) c l in ic a l ly  the lesio n s  f a l l  in to  
two main groups. Those of the la rg e r  group are h is to lo g ic a lly  
hyperk era to tie  papillom ata and subsequently they w ill be re fe rred  
to  as the hyperkerato tie  group. S im ilarly  the o ther main group 
w ill  be re fe rre d  to  as d y sk era to tic . The main c lin ic a l  fea tu res  
o f both types are  given in  Table IV (p . 178) .  The hyperkerato tie  
le s io n s  are  commonly found on the f in g e rs , face and limbs* They 
are s u p e rf ic ia l and presen t as ir re g u la r  excrescences (fig u re  7 ,
P* 205)* The d y sk era to tic  type occurs mainly on the palmar aspect. 
They are d is c re te , deep seated with a domed top and are surrounded 
by a hyperkera to tie  c o l la r  (fig u re  8 , p .205). Other d ifferences 
are a lso  shown in  Table IV (p . 178). In  the hyperkeratotie  group 
66 o f  the  p a tie n ts  are under 20 years of age, while a la rg e r  
percentage are above th is  age in  the dyskerato tic  group. In the 
hyperkera to tie  group over h a lf  of the p a tie n ts  have more than 7 warts 
and very la rg e  numbers are present in  many of them. Only 2 have 
more than 6 le s io n s  in  the dyskerato tic  type. Many of the p a tien ts  
are c e r ta in  o f the source o f in fec tio n  in  the dyskerato tic  group.
On the o th e r hand, only a few are ce r ta in  in  the hyperkeratotie  
group and the derm atologist i s  doubtful of most of these . The main 
c l in ic a l  fe a tu re s  are summarised in  Table V (p . 179)*
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THE HISTOPATHOLOGY OF VERRUCAE VULGARES
In add ition  to  the  c l in ic a l  d iffe ren ces  there  are d is t in c tiv e  
h is to p a th o lo g ica l fe a tu re s  which re ad ily  permit th e i r  c la s s if ic a t io n  
in to  hyperkera to tic  and dyskerato tic  groups.
A. HYPEBKERATOTIC PAPILLOMATA
There i s  considerable increase in  the th ickness of the squamous 
c e ll  lay e r (acan th o sis ). The in te rp a p illa ry  processes are 
broadened and elongated and o ften  enclose portions o f the dermal 
p a p illa e . S u p e rfic ia lly  there  i s  a dense broad lay e r o f k e ra tin  
(fig u re  %  p. 206). At higher m agnification the squamous c e l ls  
are s im ila r  to  those of normal skin. Their p o la r ity  i s  re ta in ed  
and in te rc e l lu la r  bridges are prominent.
Several fea tu re s  are frequen tly  but not in v ariab ly  p resen t.
Thus the  cytoplasm o f some c e l ls  i s  perhaps more basoph ilic  and 
g ranu lar than in  normal skin . The n u cle i again d if f e r  s lig h tly .
The nuclear membrane i s  o ften  more prominent and the chromatin le ss  
dense. Although m ito tic  fig u res  are very in frequent, th e re  i s  
s lig h t pleomorphism. Basophilic or f a in t ly  eosinophilic  nu c leo li 
are u su a lly  p resen t.
A frequent find ing  i s  the presence o f large  vacuolated c e l ls  
in  the upper squamous la y e r . The in te rc e llu l ar  bridges between 
such c e l l s  are lo s t  and there  appears to  be some condensation of 
cytoplasmic m ateria l in to  f a in t ly  eosinophilic  strands, some of
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which are s l ig h t ly  r e f r a c t i l e .  These may represen t * to n o f ib r i l s ' • 
The n u c le i which are i n i t i a l l y  swollen, gradually  d is in te g ra te  and 
in  the g ranu lar lay e r form dense c o llec tio n s  o f deeply basoph ilic  
m ateria l (fig u re  10, p. 207 )• In  common with many o ther hyper- 
k e ra to tic  le s io n s  o f skin there i s  o ften  considerable thickening 
o f the g ranu lar lay e r where the keratohyalin  granules are large 
and deeply s ta in in g  (fig u re  11, p. 208). The k e ra tin  lay e r i s  
g re a tly  thickened and co n sis ts  of densely eosinoph ilic  m ateria l 
in  which there  are occasional p arakera to tic  c e l ls  (fig u re  12, p. 208).
Thus although s lig h t cytological d ifferences e x is t  between 
these le s io n s  and normal skin, only th ree fea tu res  are present 
re g u la rly  and could be considered s tr ik in g , i . e . ,  pronounced 
acan thosis w ith hyperkeratosis, a prominent g ranular lay e r and 
v acu o lisa tio n  o f c e l ls  in  the upper squamous lay e r. Compared 
with normal skin the appearances suggest an excessive and possib ly  
acce lera ted  production of k e ra tin . The process however, i s  s t i l l  
e s s e n tia l ly  in teg ra ted  and o rderly .
B. DYSKERATOTIC PAPILLOMATA
These le s io n s  also  are characterised  by considerable hyperplasia 
o f the  squamous c e l l  lay er with excessive production of k e ra tin .
The process, however i s  a d iso rderly  one and bears l i t t l e  
resemblance to  th a t in  normal skin. This lack  of order i s  
suggested even on low power examination of the le s io n s . They
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show ir re g u la r  acanthosis and the squamous lay er forms a se rie s  
o f  p a p illa ry  processes which sore separated hy masses o f k e ra tin -  
l ik e  m ateria l (fig u re  13, p . 209 )•
The le s io n s  also contain numerous dyskerato tic  c e l ls  a t 
various stages o f  development throughout the epidermis* The 
a ffe c te d  c e l ls  are f i r s t  recognisable low in  the squamous c e ll  
la y e r  (fig u re  14> p* 210 ) , where iso la te d  c e l ls  contain m ultip le 
t in y  so lid  p a r t ic le s  in  th e ir  cytoplasm. These are deeply 
eo sin o p h ilic  and the average number i s  about 20 per c e l l .  As 
they approach the surface the p a r t ic le s  coalesce to form large 
c o lle c tio n s  of hyaline eosinophilic  m ateria l (fig u re  15, p. 211 ) ,  
which merge to form k e ra tin  in  which there  are swollen nucle i 
(fig u re  16, p. 2 12 ). S u p e rfic ia lly  th is  m ateria l becomes le s s  
deeply eosinoph ilic  and more r e f r a c t i le .  Nuclear d eb ris  i s  often  
p resen t high in  the k e ra tin  lay e r. Basophilic keratohyalin  
g ranules are not a prominent fea tu re  and where present are 
confined to  those areas in  the lesio n  where groups of 'u n a ffec ted ' 
c e l ls  are p resen t, i . e . ,  where the process o f k e ra tin is a tio n  more 
c lo se ly  approximates to  th a t of normal skin (fig u re  17, p. 213 )• 
In  add ition , high power examination of the dyskerato tic  c e l ls  
shows th a t  they contain in tran u c lear 1 in c lu sio n ' bodies. These 
bodies are s in g le , and markedly eosinophilic  (fig u re  18, p. 214 ) .  
They are f i r s t  seen deep in  the squamous lay er where they occur
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in  iso la te d  c e l ls  (fig u re  19> p* 215 ) .  The average size  of the 
bodies in  the lower lay ers  i s  about 10 |i and they g radually  increase 
in  s ize  as they  progress towards the k e ra tin  la y e r . Here, only 
a few bodies can be id e n tif ie d  in  swollen nucle i o f which they 
may occupy one quarter* The nucle i o f the a ffec ted  c e l ls ,  in  
the  lower squamous lay e r appear l i t t l e  d iffe re n t from those 
surrounding them, apart from the presence o f the in c lu sio n  body. 
Basophilic or f a in t ly  eosinophilic  n u c leo li are also  c le a r ly  seen 
in  many o f  the a ffec ted  c e l ls .  Some c e l ls  show s lig h t but 
d is t in c t  m argination of the basichrom atin a t the edge o f the nucleus. 
M ito tic  fig u res  are not seen in  any of these c e l ls  while they are 
not in frequent in  the adjacent unaffected c e l ls .
The whole process o f k e ra tin is a tio n  in  these le s io n s  appears 
to  be proceeding more rap id ly  than in  e i th e r  normal skin or the 
hypexkeratotic le s io n s . I t  i s  also uncoordinated in  th a t 
in d iv id u a l squamous c e l ls  show varying degrees o f k e ra tin is a tio n  
which are f a r  in  advance o f th e ir  neighbours.
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HISTOCHEMISTRY
A. INTRODUCTION
Both types o f le s io n  have been examined by the methods 
described in  P a rt I  (p . 9 )• As w ill be shown* th ere  i s  
r e la t iv e ly  l i t t l e  d ifference  histochem ically  between the two 
le s io n s  o r between them and normal sk in . The only d is t in c t iv e  
histochem ical find ings are in  re la tio n  to  the concentration  and 
d is tr ib u tio n  of sulphydryl and disulphide groups. Accordingly 
the r e s u l ts  obtained with the o ther methods w ill be described 
b r ie f ly  and those concerning the sulphydryl and d isulphide groups 
considered in  g re a te r  d e ta i l .
B. SULPHYDRYL AND DISULPHIDE GROUPS
Sulphydryl: A p o sitiv e  reac tio n  i s  found in  the cytoplasm of
b asa l and squamous c e l ls  o f both groups. The only in tran u c lea r 
s tru c tu re  uniform ly reac tiv e  i s  the nucleolus. In  the dyskerato tic  
le s io n s  the in tran u c lea r inclusion  bodies give a v ariab le  reac tio n , 
but in  most in stances th is  i s  negative, e sp ec ia lly  when they 
become la rg e r  in  the more su p e rfic ia l lay e rs .
In  th e  hyperkerato tie  lesio n s  s ta in in g  i s  uniform and o f 
moderate in te n s i ty  throughout the squamous and basal lay e rs . The 
k e ra tin  la y e r  i s  le s s  re a c tiv e . A broad band o f in tense s ta in in g , 
however, i s  present a t  the junction  o f the squamous c e l l
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la y e r  and the  k e ra tin  lay e r (fig u re  20, p . 216 ) .  This zone 
corresponds to  the g ranular lay e r and the area immediately above 
i t .  With the exception o f an occasional doubtful reac tio n  the 
k era to h y a lin  granules are negative and even where doubtful i t  i s  
im possible to  be ce rta in  th a t i t  i s  not the background o f the 
cytoplasm which i s  re a c tiv e . The reac tio n  fo r  sulphydryl extends 
f a r  out in to  the k e ra tin  lay er but g radually  becomes le s s  in tense 
and i s  v i r tu a l ly  absent in  the outermost lay ers  (S. D isjunction).
The process as i l lu s t r a te d  by th is  method, resembles th a t o f normal 
skin and i s  e s se n tia lly  o rderly  and coordinated.
This i s  in  con trast to the dyskerato tic  le s io n s . In  general, 
the squamous lay e r re a c ts  uniformly and to the same degree of 
in te n s i ty  as in  the hyperkerato tie  le s io n s , w ith the exception o f 
the  groups of dyskerato tic  c e l ls  which reac t in ten se ly . The 
rea c tiv e  substance in  these c e lls  corresponds in  size and 
d is tr ib u tio n  to  the deeply eosinophilic  m aterial seen in  the sections 
s ta in ed  by haematoxylin and eosin . I t  f i r s t  appears in  the depths 
o f the squamous c e ll lay e r, as small round d rop le ts  which enlarge 
q.nH assume b iza rre  shapes as the surface i s  approached. They 
g radually  coalesce and merge in to  deeply s ta in in g  masses of 
a c e l lu la r  m ateria l which form f in g e r- lik e  processes between which 
are groups o f hyperp lastic  *unaffected* c e l ls  (figu re  21, p. 216 ) . 
The overlying k e ra tin  lay e r i s  moderately reac tiv e , s ta in in g  to 
the same in te n s ity  as the g rea te r  p a rt of the squamous c e ll  lay e r.
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There i s  no d e f in ite  tra n s i t io n  zone o f strongly  reac tiv e  m ateria l 
as occurs in  normal skin and i s  a pronounced fea tu re  in  the 
hyperk era to tie  le s io n s . More deeply s ta in in g  m ateria l i s  seen 
however in  some areas and th is  extends high in to  the k e ra tin  lay er 
in  p laces , (fig u re  22, p. 217 ) .
Di su lph ides; In  the hyperkeratotie le sio n s  the reac tio n  i s  very 
weak in  the squamous c e ll  lay er and apparently  confined to the 
cytoplasm. Keratohyalin granules again f a i l  to re a c t. The 
k e ra tin  however s ta in s  in ten se ly  (fig u re  23, p. 218 ) .
In  the dyskerato tic  lesions the reac tio n  i s  p o s itiv e  in  the 
k e ra tin  la y e r . The cytoplasmic m aterial also rea c ts  and the 
in te n s i ty  o f  s ta in in g  p a ra lle ls  the development o f th is  m ateria l 
( f ig u re  24, p. 218 ) .  Thus in  the lower lay ers  where o n ly  
iso la te d  c e l ls  are a ffec ted , the small granules are unreactive.
As the masses become la rg e r  and those in  adjacent c e l ls  coalesce, 
the s ta in in g  gradually  increases in  in te n s ity  u n ti l  in  the uppermost 
lay e r th ere  are irre g u la r  masses of m ateria l, a l l  of which exceed 
in  in te n s i ty  the s ta in in g  seen elsewhere, including even the 
apparen tly  f u l ly  developed k e ra tin  lay e r.
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C. OTHER HISTOCHEMICAL METHODS
Nucleic Acids: Examination by the Feulgen method fo r  DNA reveals
l i t t l e  d iffe ren ce  between normal skin and the hyperkerato tie  type 
o f  w art. The s ta in in g  i s  confined to  the nucleus, and the only 
d iffe ren ce  i s  th a t  the chromatin in  the hyperkerato tie  le s io n s  i s  
arranged in  clumps which are la rg e r, more ir re g u la r  in  size  and 
s ta in  more densely.
In  the  dyskera to tic  lesio n s  s ta in ing  i s  again confined to  the 
nucleus. The eosinophilic  cytoplasmic m aterial throughout a l l  
s tages o f i t s  development, and the fu lly  developed k e ra tin , s ta in  
w ith the  green coun tersta in . The nuclei show g re a te r  v a ria tio n
in  the  s ize  and arrangement of the Feulgen p o sitiv e  chromatin.
This becomes much more pronounced in  the more su p e rf ic ia l lay ers  
where fragm entation of the nucleus can be seen frequen tly  and large  
Feulgen p o s itiv e  fragments are sca tte red  throughout the k e ra tin ised  
m a te ria l. There i s  no evidence of DNA in  the nucleo li or 
in c lu sio n  bodies. Both these s tru c tu res  s ta in  with the green 
co u n te rsta in , the l a t t e r  however often only fa in tly .
In  the hypertrophic type the KNA i s  again confined to  the 
cytoplasm with the exception of the nucleolus. Compared with 
normal gTHrt i t  i s  s l ig h tly  increased in  amount. The g re a te s t 
concentration  i s  in  the lower squamous layer and i t  gradually  
dim inishes as the k e ra tin  lay er i s  reached. The keratohyalin
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granules are  again found to be unreactive.
The d y sk era to tic  warts co n sis ten tly  show considerably higher 
concentrations o f ENA. This i s ,  however, r e s t r ic te d  to  the 
‘unaffected* c e l ls ,  i . e . ,  those c e l ls  which contain n e ith e r  
in c lu sio n  bodies nor cytoplasmic masses. Groups of these c e l ls  
contain ing  f a i r l y  high concentrations of ENA a lte rn a te  with groups 
o f a ffec ted  c e l ls  which are almost completely unreactive.
The cytoplasmic masses occasionally  show s lig h t s ta in in g .
This re a c tio n  i s ,  however, not abolished by ribonuclease. The 
kera to h y alin  granules are again found to  be co n s is ten tly  unreactive. 
In  the n u c le i the only s tru c tu res  which s ta in  are the n u c leo li.
The in c lu sio n  bodies appear as unstained spaces which are surrounded 
by a halo o f condensed chromatin.
Glycogen: The h yperp lastic  epithelium  of both types shows only a
s lig h t increase in  the amount of glycogen. This occurs as fin e  
d ro p le ts  of P.A.S. p o sitiv e  m aterial sca tte red  d iffu se ly  throughout 
the cytoplasm. In the hyperkeratotie type i t  i s  present in  the 
lower and middle th ird s  of the squamous c e ll layer and d is tr ib u te d  
evenly throughout. In  the dyskeratotic type, on the o ther hand, 
i t  tends to  occur in  the lower squamous lay e r. I t  i s  found in  
groups o f neighbouring squamous c e lls ,  the intervening groups being 
u n reac tiv e . The l a t t e r  are those which have inclusion  bodies 
and are developing intracytoplasm ic masses. In  both types the
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upper squamous and k e ra tin  lay ers  show no evidence o f  glycogen, 
and the  k e ra to h y a lin  granules are unreactive.
In  the d y sk era to tic  type n e ith e r the cytoplasmic masses nor 
the  in tra n u c le a r  in c lu sio n  bodies show any histdchem ical evidence 
o f glycogen.
L ip id s : The Sudan black B s ta in  fo r to ta l  l ip id s  y ie ld s  only
negative r e s u l ts  in  both types of le s io n . In  p a r tic u la r ,  the 
g ranu lar lay e r i s  completely unreactive.
Enzymes:
A lkaline phosphatase: This i s  confined to the c a p il la r ie s  of the 
adjacent dermal p a p illa e . No a c tiv ity  i s  demonstrable in  
h y p erp lastic  squamous epithelium  of e ith e r  type of w art. Again 
the kera tohyalin  granules are completely unreactive.
Acid phosphatase: In  both types of lesio n  the hyperp lastic
e p i th e l ia l  lay e r and k e ra tin  are completely unreactive. In  
p a r t ic u la r ,  the  tra n s it io n a l  zone between these two lay e rs  does 
not s ta in ,  although there  i s  an in tense band of s ta in ing  in  the 
corresponding zone in  the adjacent normal squamous epithelium .
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DISCUSSION
Although, o ften  re fe rre d  to as such, warts are not tru e  tumours 
(W illis , I960). They are excluded by d e fin itio n , since, in  time, 
they probably a l l  reso lve spontaneously.
Their in fe c tiv e  nature i s  well estab lished  and, although 
Koch’ s p o s tu la te s  have not been s a tis fa c to r i ly  f u l f i l le d ,  there i s  
good evidence th a t a v iru s  i s  the responsible agent. This 
evidence i s  b r ie f ly  reviewed in  the in troduction to P art I I I .
A d iscu ssio n  o f the nature of inclusion bodies i s  outwith the scope 
o f the p resen t studyj nevertheless i t  i s  relevant th a t whatever 
th e i r  o r ig in  or chemical nature , they are frequently  the morphological 
stigm ata o f a v iru s  in fe c tio n . While inclusion bodies have been 
described in  w arts by various observers (Dubreuilh, 1895;
Sangiorgi, I 9I 5) , many authors s t i l l  regard them as degeneration 
products (McCarthy, 1931; Percival e t a l . ,  1947)*
More re c e n tly  Lyell and Miles (1951) together with Strauss 
e t  a l . (1950) claim th a t the in tranuc lear eosinophilic bodies, 
o r ig in a l ly  described by Dubreuilh (1895) > are inclusion bodies 
which occur in  a c l in ic a l ly  d is t in c t  type of w art. Blank et_ a l .  
(1951) however, th ink  th a t these bodies are u sually  active 
n u c leo li and claim th a t  deeply basophilic nuclei which occur 
in  the upper squamous c e ll  layer and granula r  layer are f i l l e d  with 
v iru s  in c lu sio n  m ate ria l.
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The p resen t find ings support and extend those of Lyell and 
Miles and S trauss and h is  colleagues (1950j .  I t  i s  believed the 
common in fe c tiv e  le s io n s  c l in ic a l ly  acceptable as w arts, f a l l  in to  
two main groups which can be distinguished on c lin ic a l  and 
h is to lo g ic a l grounds. The le s s  common lesion  i s  u su a lly  sing le , 
deep seated  and present on the palmar o r p lan ta r surfaces. I t  i s  
ch a rac te rised  h is to lo g ic a l ly  by the presence of an in tran u c lear 
in c lu sio n  body and d is t in c tiv e  morphological fea tu res  including the 
presence o f  numerous dyskerato tic  c e l ls .
The suggestion by Blank e t  a l .  (1951) th a t the in tranuc lear 
bodies are unusually  ac tive  nucleo li must be considered, as i t  i s  
well recognised th a t  in  neop lastic  and reactive  conditions the 
n u c leo li are o ften  more prominent than in  normal tis su e s . Thus 
the r e la t iv e  s ize  o f the nucleolus to the nucleus has been suggested 
and used as a method fo r  the h is to lo g ica l grading of malignancy 
(Naidu, 1935; F e rre ira , 1941)*
However, th a t  these in tranuc lear bodies are not degeneration 
products or n u c leo li i s  suggested by the fac t th a t they possess 
d is t in c t iv e  morphological and histochemical fea tu res . They are 
not seen in  any o ther condition characterised by hyperplasia of 
squamous epithelium . They do not occur in  every ce ll and are 
freq u en tly  seen in  c e l ls  only one layer above the basal c e ll  layer. 
The c e l ls  otherw ise show no evidence of degeneration and may thus 
escape the c r itic ism  of Ludford (1930) who, describing the Stratum
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Grranulosum o f sk in , sa id  " in  th is  s itu a tio n  the c e lls  are 
degenerating and a l l  kinds o f granules can he stained, o ffering  a 
wide choice to  seekers a f te r  v iru s  bodies” .
Deeply b aso p h ilic  bodies which have a l l  the morphological 
c h a ra c te r is t ic s  o f  n u c leo li can frequently  be seen in  the same 
nucleus. In  those sec tions stained  by pyronin-methyl green, the 
nu c leo li are  p o s itiv e  (th e  reac tio n  being abolished by ribonuclease) 
and the  in c lu s io n  bodies are n o t. With prolonged d iffe re n tia tio n  
in  the  phloxine ta r tra z in e  method (Lendrum, 1947) td© bodies are the 
only s tru c tu re s  which remain stained.
I t  seems reasonable, therefo re , to conclude th a t whatever 
th e ir  n a tu re  o r  source, these bodies are not n u c leo li. Further, 
they are a d iag n o stic  fea tu re  of a c l in ic a lly  d is tin c tiv e  type of 
w art.
I t  may be s ig n if ic a n t th a t the d is tr ib u tio n  of these dyskeratotic 
inc lusion  bearing  w arts i s  mainly on palmar or p lan ta r surfaces.
Thus p ressure may be c ite d  as a fac to r p a rtic u la rly  in  the l a t t e r  
s i t e .  While th is  cannot be excluded completely, i t  i s  obvious on 
c lin ic a l  grounds th a t these le sio n s  occur often  when pressure is  
u n lik e ly  to  be a f a c to r .  Again, the hyperkeratotic type does occur 
in  s i t e s  where pressure on the lesions undoubtedly occurs.
The ro le  p ressure may play in  modifying the c lin ic a l and 
morphological appearances leads on to the question,are these two
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d is t in c t  le s io n s  or are they d iffe re n t reac tions to the same 
in fe c tiv e  agent? This cannot be answered a t present because the 
in fe c tiv e  agent o r agents have not been iso la te d  e ith e r  on the 
c h o rio -a llan to ic  membrane o f the chick (F ischer, 1953} P u lla r  & 
Cochrane, 1957) or in  t is su e  cu ltu re  of hela  c e l ls  (S iegel & Novy, 
1955) human amnion c e l ls  (P u lla r: unpublished d a ta ) . Again, 
although in fe c tiv e  papillom ata are common in  animals, they appear 
to  be species sp ec ific  and th e re  i s  no convincing evidence o f the 
successful transm ission of human warts to animals. The only 
record  o f transm ission experiments in  human volunteers (Lyell Sc 
M iles, 1951) suggests th a t they are two d is t in c t  le s io n s , but the 
evidence fo r  th is  i s  not a lto g e th er convincing.
Whatever the explanation, i t  remains th a t these in fe c tiv e  le sio n s  
have d is t in c t iv e  c l in ic a l  and morphological fea tu res . Again, there 
i s  a d ifferen ce  in  the way in  which they become k e ra tin ised .
Compared w ith normal skin a constant fea tu re  i s  a considerable 
increase in  the amount of k e ra tin , th a t i s ,  both show hyperkeratosis. 
In  those re fe rred  to as the hyperkerato tic  group, th is  i s  pronounced. 
The appearances, however, suggest an accelerated  but s t i l l  o rderly  
process. In  the dy sk era to tic  group there i s  again considerable 
increase in  the amount o f k e ra tin  formed. The most s tr ik in g  
fe a tu re , however, i s  the k e ra tin isa tio n  o f indiv idual c e l ls  
(d y sk era to sis ). As has been described, a l l  stages in  th is  process
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can “be tra ced  from the f i r s t  appearance o f t in y  eosinoph ilic  d ro p le ts  
in  s in g le  iso la te d  c e l ls  deep in  the squamous c e ll  lay e r to the 
f in a l  incorporation  of large masses of k e ra tin - lik e  m ateria l in  
the su p e rf ic ia l k e ra tin  lay er. The h is to lo g ica l appearances 
suggest th a t  th i s  i s  a much more active  lesion  and th a t the processes 
o f  k e ra tin is a tio n  and c e ll destruction  are also proceeding much more 
ra p id ly .
As s ta te d  above the hyperkeratotic type on morphological 
grounds appears to  show an accelera tion  o f the normal process of 
k e ra t in is a t io n . The histochemical findings are in  keeping with 
th is  im pression. DNA i s  shown to be ir re g u la r ly  d is tr ib u te d  
and increased  in  amount. The changes* however, are r e la t iv e ly  
s l ig h t ,  and there  i s  no evidence of the Feulgen po sitiv e  inclusion  
bodies which Blank a t a l • (1951) described in  the upper squamous and 
g ran u lar lay e rs . I t  i s  d is tr ib u te d  much more ir re g u la r ly  in  the 
dyakerato tic  le s io n s . This i s  p a r tic u la r ly  evident in  the 
p a r t ia l ly  k e ra tin ise d  areas where there are dense co llec tio n s  of 
Feulgen p o s itiv e  m ateria l presumably nuclear fragments showing 
varying degrees o f degeneration.
In  ad d itio n , as these lesions are probably v iru s  induced, 
th e i r  DENA content i s  of considerable importance. In  the present 
study i t  has not been possible to demonstrate conclusively the 
presence o f DNA a t any stage of development of the inclusion  body.
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The DM content o f nucle i of warts has however heen studied by more 
se n s itiv e  microphotometric techniques by Bloch and Godman (1957). 
They found in  w arts o f the dyskerato tic  type increased amounts of
DNA (up to  16 p lo id  lev e ls)  appearing in  the nucleus a t the
e a r l i e s t  recognisable stage of in fec tio n . There appears however, 
to  be no d ire c t  re la tio n sh ip  between the Feulgen p o sitiv e  DNA and 
k e ra tin  a t  any stage of i t s  development.
The changes in  the ENA content in  the hypertrophic le s io n ,
although s l ig h t ,  are co n s is ten tly  p resen t. There i s  moderate 
increase in  the basal and lower squamous lay ers . Although the 
concentration  i s  higher than th a t of normal skin, i t  does show a 
s im ila r  d is tr ib u tio n  p a tte rn  in  th a t i t  gradually  dim inishes in  the 
more su p e rf ic ia l lay ers , and i s  no longer demonstrable by th is  
method in  the g ranular or k e ra tin  lay ers.
Again th i s  inverse re la tio n sh ip  between the amount of ENA and 
degree o f k e ra tin is a tio n  i s  even more obvious in  the dyskerato tic  
le s io n s  where, in  the lower squamous lay er, groups of dyskerato tic  
c e l ls  a l te rn a te  with unaffected c e l ls .  The l a t t e r ,  contain 
r e la t iv e ly  high concentrations of ENA while i t  i s  almost completely 
absent from the p a r t ia l ly  k e ra tin ised  dyskerato tic  c e l ls .  This 
i s  as might be expected, considering how in tim ately  ENA i s  concerned 
w ith c e ll  metabolism. Although p a rt of the function of the 
metabolism o f the squamous c e l ls  may be concerned with the formation 
of the k e ra tin  precursor, k e ra tin  i s  a completely d ev ita lised
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s tru c tu re .
These find ings are in  accord with those described in  reac tiv e  
skin a f te r  in ju ry  (Washburn, 1954a) and in  experimental carcino­
genesis o f  skin (B iesele , 1944)*
The r e s u l ts  obtained with both acid  and a lk a lin e  phosphatases 
suggest th a t  n e ith e r  i s  d ire c tly  involved in  the process of 
k e ra tin is a tio n . Thus in tense acid phosphatase s ta in in g  can be 
demonstrated in  the g ranular layer but not in  the hyperp lastic  
k e ra tin is in g  le sio n s  o f e i th e r  type. This i s  taken as support 
to the view th a t th is  enzyme i s  probably concerned with l ip id  
metabolism, the l ip id s  being mainly derived from the normally 
functioning appendages in  the adjacent skin.
The present findings confirm the findings o f Nadel and 
Wodinsky (1955), who suggested th a t e a r l ie r  rep o rts  (F e ll &
D a n ie lli, 1943; F isher & Glick, 1947) of a lk a lin e  phosphatase 
a c t iv i ty  in  the S. granulosum were probably the re su lt  of 
d iffu s io n  w ith subsequent adsorption on the keratohyalin  granules.
I t  i s  concluded th a t a t present there i s  no histochem ical evidence 
th a t a lk a lin e  phosphatase i s  d ire c tly  concerned with the process 
o f k e ra tin is a tio n .
In  the hyperkerato tic  type glycogen i s  increased both as 
regards the number of c e l ls  in  which i t  i s  demonstrable and the amount 
in  these c e l l s .  I t  i s  present only in  those c e l ls  which show no 
morphological evidence of k e ra tin isa tio n . Thus i t  i s  present in
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inverse proportion  to the degree of k e ra tin is a tio n . This inverse 
re la tio n sh ip  i s  also  found in  the dyskerato tic  le s io n s  where a 
moderate amount o f glycogen i s  present in  the groups o f unaffected  
c e l l s .  Their neighbours, which may show only the e a r l ie s t  changes 
o f ind iv idual c e ll  k e ra tin isa tio n , are completely devoid of th is  
m a te r ia l•
This inverse re la tio n sh ip  has been estab lish ed  fo r over a 
century. Claude Bernard (1859) observed in  the hoof o f the pig 
th a t  glycogen disappears a t  the onset of "organisation" 
(k e ra tin is a tio n ) . I t  has also  been confirmed in  regenerating  
epiderm is in  the experimental animal (B radfield , 1951; Washburn, 
1954b).
The p rec ise  nature of th is  re la tio n sh ip  o f glycogen to 
k e ra tin is a tio n , however, remains unproved. Normally e p ith e l ia l  
c e l l s  req u ire  glycogen fo r both aerobic and anaerobic g lyco lysis  
(Berenblum e t  a l . , 1940). B radfield (1951) suggested th a t the 
accumulation o f glycogen in  the epithelium  in  healing wounds 
re su lte d  from the poor supply of glucose and oxygen. Medawar 
( 1947) , who maintained skin a liv e  fo r  1 week under s t r i c t l y  
anaerobic conditions, also  found th a t exposure to iodo—aceta te  
caused death and suggested th a t i t  was the breakdown o f sugar which 
provided the energy fo r su rv ival. C ellu lar accumulation of 
glycogen may be a degenerative phenomenon as suggested by Scothorns, &
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Tough (1952) in  a study of the content o f glycogen in  human skin 
au to g ra fts  and homografts* As they point out, however, th is  
explanation i s  not a lto g e th er adequate as the process must involve 
syn thesis  hy the c e l l .  Again, as discussed by Dempsey and Wislocki 
( I 944) ,  i t  may represen t an adaptation to conditions of reduced 
oxygen ten sio n . The b asis  of th is  theory i s  th a t c e l ls  liv in g  
under such conditions may adopt anaerobic methods of carbohydrate 
breakdown. Since these are le s s  e f f ic ie n t p roportionate ly  la rg e r  
q u a n titie s  of substra te  w ill be required to fu rn ish  the same amount 
o f energy, the energy presumably being used fo r p ro te in  synthesis 
in  k e ra tin is a tio n . Whatever the precise  mechanism involved, i t  
remains th a t th i s  inverse re la tio n sh ip  i s  also present in  abnormal 
k e ra tin is a tio n  and in  both types of le s io n . The observations 
suggest th a t  m ito tic a lly  active  c e l ls  and c e l ls  in  the process of 
acce lera ted  k e ra tin isa tio n  u t i l i s e  glycogen but do not accumulate 
i t .
The d is tr ib u tio n  of sulphydryl and disulphide groups in  the 
hyperkerato tic  le sio n s  would appear to support the contention th a t 
th is  type o f le s io n  rep resen ts an accelerated  ra te  of k e ra tin  
form ation but the process i s  e s se n tia lly  s t i l l  an o rderly  one.
Thus the d is tr ib u tio n  of the disulphide i s  s t i l l  r e s tr ic te d  to  th a t 
p a rt o f the S. coroeum which morphologically i s  a c e llu la r  and 
composed o f r e f r a c t i le  f ib re s . Although the d is tr ib u tio n  and
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r e la t iv e  concentration  o f sulphydryl are e s se n tia lly  s im ila r  to 
those o f normal skin, there  are two fea tu res  worthy o f comment. 
F i r s t ly ,  although the concentration in  the k e ra tin  lay er i s  lower 
than th a t  of the squamous lay er, the amount o f the reduction i s  not 
so pronounced as in  normal skin . Secondly there i s  a considerably 
wider hand of in tense s ta in in g  interposed between the k e ra tin  and 
squamous la y e rs . Why th is  increased concentration o f SH groups 
should he present in  th is  zone o f t ra n s it io n  i s  a m atter fo r 
sp ecu la tio n . As already suggested in  P art I  i t  probably re­
p resen ts  the area in  which the k e ra tin is in g  c e l ls  lose most of th e ir  
w ater and where there i s  a hydrolytic s p l i t t in g  o ff  o f free  amino 
ac id s w ith a consequent re la t iv e  increase in  the amount of 
demonstrable sulphydryl groups. The extension o f th is  zone in  
more rap id ly  growing le s io n s  may re su lt  from an acce le ra tio n  o f 
th is  process, and the SH containing amino acids are ca rried  f a r  
in to  the k e ra tin  zone before there has been time fo r  complete 
conso lidation  to take place.
In  the dyskerato tic  lesio n s  the findings are e s se n tia lly  those 
o f  rap id  and complete k e ra tin isa tio n  of individual c e l ls .  The 
changes which are present in  skin, and, in  a s im ilar, although 
exaggerated form in  the hypeikerato tic  le s io n s , are exhib ited  a t 
c e l lu la r  le v e l .  Thus very sh o rtly  a f te r  the eosinophilic  masses 
become v is ib le  they show a moderate reac tio n  fo r sulphydryl, and as
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they become la rg e r  th i s  increases. This higher concentration 
extends w ell in to  the k e ra tin  lay e r. Again in  sections s ta ined  fo r 
d isu lph ide  these groups can be demonstrated in  a ffec ted  c e l ls  low 
in  the squamous c e ll  lay er.
The find ings show th a t the sequence o f events in  both types 
o f abnormal k e ra tin is a tio n  i s  s im ila r to  th a t found in  normal skin. 
The same sequence i s  found whether the process occurs in  sing le  
iso la te d  c e l ls  in  the dyskerato tic  lesio n s  o r in  the hyperkerato tic  
le s io n s  where i t  rep resen ts  an accelerated  but co-ordinated stage 
in  th e  development o f squamous epithelium .
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The morphology and histochem istry o f abnormal k e ra tin is a tio n  
have been stud ied  in  human in fec tiv e  warts* The le s io n s  which 
m orphologically are squamous papillom ata can be c la s s if ie d  on 
c l in ic a l  and h is to lo g ic a l grounds in  two main groups. Both show 
d iffe re n t forms o f abnormal k e ra tin isa tio n . The more common 
le s io n , which i s  re fe rred  to as Hyperkeratotic shows an excessive 
and acce le ra ted , but s t i l l  o rderly  process. In the o ther main 
group, the P y sk era to tic t the process i s  completely unco-ordinated, 
and a l l  s tages can be demonstrated in  indiv idual c e l ls .  H isto- 
chemical s tu d ies  in  these lesions show th a t there i s  an inverse 
re la tio n sh ip  between the amount of demonstrable glycogen and the 
degree o f k e ra tin is a tio n . The d is tr ib u tio n  of sulphydryl and 
d isu lphide suggests th a t there i s  no e sse n tia l d ifference in  the 
mechanism of k e ra tin  formation as i t  occurs in  these abnormal le s io n s . 
In  both types there  i s  an accelera tion  of the process which i s  
s im ila r  to  th a t which occurs in  normal skin.
P A R T  I I I
EXPERIMENTAL STUDIES ON THE CHICK 
CHORIO-ALLANTOIC MEMBRANE
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INTRODUCTION
The examination  of a se rie s  of skin papillomata has shown 
th a t  two c l in ic a l  v a r ie t ie s  e x is t and are associated  w ith constant 
and d is t in c t iv e  h is to lo g ic a l fea tu res  (P u lla r & Cochrane, 1957).
One o f these v a r ie t ie s  shows mainly pronounced hyperkeratosis and 
the o th e r dyskeratosis* Many of the c e lls  of the l a t t e r  contain 
in tra n u c le a r  ’’inc lusion  bodies”.
In c lu sio n  bodies have been described in  many proven v iru s  
d isea ses . Their tru e  nature is  s t i l l  a m atter of dispute and 
outw ith the scope o f the present study. Whatever i t  may be, 
w ith a few rese rv a tio n s  (Cowdry, 1940), they often  represent the 
morphological stigm ata of v iru s in fec tio n .
I t  i s  widely believed th a t Verruca Vulgaris i s  a v iru s  disease 
on the b a s is  of c l in ic a l  stud ies (McLaughlin & Edington, 19375 
Grigg & Wilhelm, 1953) and from the tran sp lan ta tio n  experiments 
o f Wile and Kingery (1919)aod- Kingery (1921).
Since the rep o rt of Woodruff and Goodpasture (1931) of the 
c u ltiv a tio n  o f the fowlpox v iru s , the developing egg has been 
used ex ten siv e ly  in  the inv estig a tio n  of v irus d isease. References 
to  th i s  technique being u t i l iz e d  in  the study of verrucae are , 
however, scanty. Felsher (1947) s^d Fischer (1953) record 
negative re s u l ts  w ith comparatively small se rie s . Bivins (1953), 
on the o th er hand, produced massive lesions of p ro life ra tio n  and 
’’p ea rl form ation” on the chorio—a lla n to is  of ten  day old chick
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embryos w ith a b a c te r io lo g ic a lly  s te r i le  ex trac t of wart m aterial 
from h is  own hand.
I t  seemed reasonable, th ere fo re , to study the e ffe c ts  of 
wart m a te ria l o f  both types on the CM and other s i te s  in  the 
developing egg, and to determine ( l )  whether consistent lesio n s  
were x^roducible and (2) whether there was any difference produced 
by m ate ria l from the two types of le s io n . Human skin was 
su ccessfu lly  g ra fted  on the chick ch o rio -a llan to is  by Goodpasture 
e t  a l . ( 1938) and subsequently used by them to study fowl pox 
( I 94O) and herpes zo ste r (1944)* As no reference to th is  
technique being u t i l i s e d  to study human papillomata could be 
found, i t  was decided to inoculate sim ilar g ra fts  of e p ith e lia l  
t is s u e s .
The number of le sio n s  inoculated in  the various s i te s  are 
summarised in  ta b le  VI (p. 180 ) . No lesions were produced in 
yolk sac, amnion or b ra in  and negative re su lts  were obtained by 
the subsequent re inocu la tion  of m aterial from these s i te s  on the 
chorio—a lla n to ic  membrane. Skin was the only human tissu e  which
i t  was found possib le  to g ra f t  with consisten t success (Table VII, 
p# iQi ) .  Therefore the remainder of th is  section is  confined to 
the le s io n s  produced in  two s i te s  by c e ll free , b ac te rio lo g ica lly  
s te r i l e  m ateria l from both types of wart. These are (1) the 
ch o rio -a llan to ic  membrane and (2) human skin grafted  on th is  
membrane•
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INOCULATION OF THE CHORIO-ALL ANTOIC 
MEMBRANE
METHOD
Each wart was divided in to  four pieces and one of these was 
s to red  a t  -4°C, w ith in  30 minutes of removal.
Subsequently i t  was ground with s te r i le  sand and 1 ml. of 
s a lin e , using a s te r i l e  p es tle  and mortar. The re su ltin g  
suspension was centrifuged  fo r 15 minutes a t 2000 r.p.m . to 
remove the so lid  d eb ris . The supernatant f lu id  in  i n i t i a l  
experiments was divided in to  two equal p a rts . 0.1 ml. of s te r i le  
d i s t i l l e d  w ater containing 100 u n its  of p e n ic ill in  and 100 jigm. 
of streptom ycin was added to one portion, while the other was 
passed through a Bijou pad f i l t e r .  This a n tib io tic  solution 
was found to be adequate fo r the in h ib itio n  of b a c te r ia l growth. 
Microscopio examination confirmed th a t the resu ltan t f lu id  was 
fre e  from c e l ls  and cu ltu res were carried  out in  broth and on 
blood agar p la te s  to  confirm the absence of b ac te ria . This 
re su ltin g  c e ll  fre e  and b ac te rio lo g ica lly  s te r i le  f lu id  was then 
introduced in to  the f e r t i l e  henfs egg.
In  g eneral, the methods used were those described by 
Beveridge and Burnet (1946). The only m odification introduced 
was in  the 1dropping’ o f the chorio—a llan to ic  membrane. A fter 
candling and removing a 1 cm. square of sh e ll, a small hole was
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made in  the a i r  sac and negative pressure applied by means of 
a rubber t e a t .  No f lu id  was found necessary subsequently to 
separate  the sh e ll membrane, which was punctured with a d issec tin g  
needle. This method was considered to  give le s s  non-specific  
reac tio n  than th a t using f lu id .  Ten day embryos, from white 
Leghorn hens, were mainly used and in  a l l  cases three eggs were 
inocu lated  w ith m ateria l from one lesio n  and the tis su e s  removed 
fo r  examination a f te r  3, 7 and 10 days.
The membranes and o ther t is su e s  were fixed in  10^ n eu tra l 
form alin and p a ra ff in  sections prepared and cut a t 6^. They 
were s ta in ed  by the various methods used in  the human skin le s io n s .
At the time o f each inocu lation , con tro ls  were se t up using 
sa lin e  o f the same batch and s im ila rly  prepared e x tra c ts  of normal 
sk in .
RESULTS
A. Morphology: The ch o rio -a llan to ic  membrane has been studied in
considerable d e ta i l  and no consistent macroscopic le sio n s  have been 
found. As i l lu s t r a te d  in  figure 25 (p* 219J, the normal CAM 
co n s is ts  o f th ree  lay ers; a cen tra l highly vascular mesoderm which 
i s  bounded by the endoderm, which consis ts  generally  of a single 
la y e r  o f low cuboidal epithelium  and su p e rf ic ia lly  by a single lay er 
o f considerably f la tte n e d  e p ith e lia l  c e lls  — the ectoderm.
Tn contro l eggs which have been opened and sealed without the
in tro d u c tio n  o f an inoculum, there i s  generally  only s lig h t p ro lif ­
e ra tio n  o f the  ectoderm* I t  i s  now composed of two lay ers  of 
cuhoidal ce lls*  This le s io n  i s  patchy and generally  confined to 
the  area  immediately underneath the opening in  the shell* The 
con tro l membranes, which have been inoculated with e x trac ts  of 
normal human sk in , show f a i r ly  pronounced le sio n s . The mesoderm 
shows moderate oedema and increased v ascu la rity . I t  i s  also 
considerably  in f i l t r a te d  by f ib ro b la s ts . The endoderm occasionally  
shows small patches o f c e llu la r  p ro life ra tio n , but the most s tr ik in g  
le s io n s  are those in  the ectoderm. In general, i t  i s  now several 
lay e rs  th ick ; the c e l ls  are la rg e r and have a resemblance to 
squamous c e l l s ,  being re la t iv e ly  la rg e , round or oval and becoming 
f la tte n e d  as the surface i s  approached. The n u c le i, which are 
la rg e  and c en tra l, consis t of a d e lica te  network o f chromatin in  
which th ere  are prominent eosinophilic n u c leo li. S u p erfic ia lly  
th ere  i s  o ften  a th in  lay er of s tru c tu re le ss  eosinophilic  m a te ria l, 
in  which th ere  may be an occasional parakera to tic  nucleus ( f ig .  26,
P. 220 ) .
The le s io n s  produced on the chorio—a lla n to is  by ex trac ts  of 
w arts a re , by comparison, s tr ik in g . At the ou tse t i t  must be 
s ta te d  th a t  there  are no consisten t morphological d ifferences 
produced by the e x tra c ts  from the two types of le s io n . Examination 
o f  numerous sec tions again f a i l s  to  show any evidence of inclusion  
bodies. In  add ition , no Mpseudo—inclusions'* of the type described
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"by D'Aunoy and Evans (1937) in  uninoculated membranes have been 
dem onstrated in  any o f the p reparations. The changes consis t of 
considerable ectodermal p ro life ra tio n  with in f i l t r a t io n  of the 
mesoderm by clumps o f hyperp lastic  ectodermal c e l ls .  In  places 
these c e l l s  contain  a cen tra l core of eosinophilic Jceratin-like 
m a te ria l (P ig . 27> P.221). These s tru c tu res  c losely  resemble 
the c e l l  n e s ts  found in  squamous c e ll  carcinoma. The individual 
c e l l s  are  la rg e  w ith pale s lig h tly  granular cytoplasm, which i s  
e o s in o p h ilic . There i s  a large cen tral vesicu lar nucleus with a 
deeply b aso p h ilic  nuclear membrane and large pale eosinophilic  
n u c le o li .  M ito tic  fig u res  are moderately frequent. The c e lls  
show a d is t in c t  resemblance to Malpighian c e lls  but in te rc e l lu la r  
b ridges are  not p resen t. S u p erfic ia lly  these hyperplastic  areas 
are covered by deeply eosinophilic  r e f r a c t i le  m aterial which has 
the morphological fea tu res  of k e ra tin .
Areas which are ind istinguishab le  on morphological grounds 
from p arak era to s is  are also  present above th is  hyperp lastic  
epithelium . K eratohyalin granules are not however p resen t. The 
mesoderm i s  markedly thickened and oedematous. There i s  increased 
v a sc u la r ity  and widespread in f i l t r a t io n  by f ib ro b la s ts  and small 
mononuclears. The endoderm also i s  thickened and consists  of about 
th ree la y e rs  o f darkly  s ta in in g  cuboidal c e l ls .
As shown in  Table VI, 10 membranes were dissected  from eggs, 
prepared in  the  same manner as the o rig in a l wart m ateria l, and
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each reinoculated. in to  3 eggs. Of these membranes 7 had been 
o r ig in a l ly  inocu lated  with hyperkeratotic lesions and 3 with 
d y sk era to tic  le s io n s . No d ifferences could be detected between 
the two groups. The find ings both morphologically and h is to -  
chem ically are e s s e n tia lly  the same as those found in  membranes 
inocu lated  w ith  the contro l ex trac ts  of normal human skin.
B. HISTOCHEMISTRY
The h istochem istry  o f the hyperplastic epithelium resembles 
th a t  o f the squamous papillom as, there being re la t iv e ly  l i t t l e  
a l te r a t io n  in  the ENA content apart from increased density  due to 
nuclear condensation. The demonstrable RNA content appears to be 
markedly increased  in  the more ac tiv e ly  growing c e lls  but absent 
from those in  the process of m itosis or forming k e ra tin .
Glycogen, as demonstrable by the PAS method, i s  mainly present 
in  the cuboidal c e l ls  o f the endoderm (Fig. 26, p .222 ) . As shown 
in  f ig u re  29 (p . 222) however, i t  becomes a s tr ik in g  fea tu re  in  the 
h y p erp lastic  membrane, which has been inoculated with normal skin or 
in  the e a r l i e r  stages o f those inoculated with wart m ateria l. I t  
d isappears as k e ra tin  i s  formed.
The sulphydryl groups also  are s lig h tly  reactive throughout the 
ectodermal p o rtio n  o f the membrane, the mesoderm and the endoderm 
being u n reac tiv e . As the ectodermal layer becomes th icker and more 
h y p erp lastic  the concentrations of the SH groups become g rea tly
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increased  (fig u re  30, p. 223 )• Again th ere  i s  a hand o f 
in te n s if ie d  s ta in in g  a t the junction  of the ectodermal and k e ra tin  
la y e rs . A f a i r ly  high concentration o f sulphydryl i s  a lso  present 
in  the "k e ra tin  layer"  (fig u re  31* P* 223 ) •
The d isulphide reac tio n  i s  almost e n t ire ly  confined to  the 
apparen tly  f u l ly  k e ra tin ised  zone and in  th i s  s itu a tio n  i t  i s  
in tense  (fig u re  32, p. 224 )» A sim ila r reac tio n  i s  found in  the 
"kera tin ised "  zone o f the "c e ll  n ests"  in  the mesoderm (fig u re  33, 
p . 224 }.
-  63 -
INOCULATION OF HUMAN SKIN GRAFTS 
ON THE CHORIO-ALLANTOIC MEMBRANE
METHOD
This i s  e s se n tia l ly  a s lig h t m odification o f th a t o r ig in a lly  
described by Goodpasture e t  a l • (193b). I n i t i a l l y  considerable 
d i f f ic u l ty  was encountered but eventually  the technique now 
described gave c o n s is ten tly  good re s u lts  with human skin as shown 
in  Table VII (p . 181 ) .
Ten day eggs were gen era lly  used, since th is  was the e a r l ie s t  
age a t  which a co n s is ten tly  high percentage o f 'ta k e s ' could be 
obtained. I f  younger embryos were used, the skin g ra f ts  flo a te d  
fo r  a v a riab le  period and then rounded up to  form cysts  in  which 
the epithelium  became n ec ro tic . Deaths o f the younger embryos 
was also  a frequent occurrence.
A fter candling and lo ca tin g  the CAM a window, 1 cm. in  diam eter, 
was cut in  the sh e ll with a carborundum d isc , driven by a portable 
dental d r i l l .  The sh e ll was removed and the membrane dropped in  
the usual way by creating  negative pressure in  the a i r  sac. Skin 
was then  placed on the CAM and the opening sealed with cellophane 
tape . The eggs were then incubated a t 35*5°C in  a H earson's egg 
incubator.
The human aJHn was obtained from the P la s tic  Surgery Unit and 
consisted  o f excess m ateria l which was to  be used fo r g ra ftin g
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purposes* In  general i t  was taken from the a n te r io r  aspect of the 
th igh  o r the a n te r io r  abdominal w all. I t  consisted  of the whole 
th ick n ess, i . e . ,  epidermis and p a rt o f the underlying upper dermis.
The specimens received were genera lly  3 x 1  cm. and th ick e r a t 
one edge than the o ther. Prom the th inner portions squares 
measuring 0.25  x 0.25 cm. were cut with sca lp e ls  and placed on 
the CAM. I t  had been found by prelim inary experiments th a t w ith 
p ieces o f th is  s ize  l i t t l e  or no cu rling  occurred a t  the edges, but 
anything la rg e r  requ ired  mechanical f la tte n in g  and r is k  o f 
in ju rin g  the d e lic a te  underlying membrane. Even with the g re a te s t 
possib le  delicacy  of handling, many of them did not take and w ithin 
48 hours they were generally  completely n ec ro tic .
In  the experiments involving the inoculation  of wart m ateria l, 
however, i t  was found th a t la rg e r  p ieces were required . I t  was 
found qu ite  possible to g ra f t  pieces 1 cm. square by the simple 
manoeuvre o f f la tte n in g  the skin surface downwards on a th in  lay er 
o f ’’tu l l e  g ra s”. This square was then placed on the CAM, resea lin g  
the opening with cellophane tape. Pour days l a t e r  the egg was re ­
opened and the tu l le  gras removed. In  those eggs which survived,
and by th is  time generally  9 out of 10 d id  so, the skin surface was 
l ig h t ly  s c a r if ie d  and 0.1  ml. of wart ex trac t was evenly d is tr ib u te d  
over the top o f the skin . D eta ils  o f the numbers are given in
Table VI (p . 180 ) .
Five days a f te r  inoculation  the membrane with the attached
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g ra fted  sk in  was removed and fixed  in ta c t .  P a ra ffin  embedded 
sec tio n s were prepared. The s ta in in g  methods used were the same 
as those used in  the study of the w arts them selves. Control 
p repara tions were again inoculated with normal sa lin e  and e x tra c ts  
o f  normal sk in .
RESULTS
No macroscopic changes are produced in  any o f the g ra f ts .
In  some instances the adjacent membrane shows small areas of 
th ickening and opacity  around the g ra f t  and occasionally  there  are 
t in y  areas of haemorrhage. L ater, the blood vesse ls  become 
congested and la rg e r  and can be seen en tering  the g ra f t  with the 
naked-eye (fig u res  34 35> P 225).
The uninoculated g ra f ts  of human skin are genera lly  firm ly  
adherent w ithin  24 hours. The ectodermal lay e r beneath the g ra f t  
becomes swollen, l a t e r  degenerates and genera lly  disappears 
completely by the 5th day. The dermal surface o f the g ra fted  
friHn merges in to  the mesoderm, where there i s  some increased 
v a sc u la r ity  and f ib ro b la s tic  a c tiv ity . Young fib rous tis su e  i s  
formed l a t e r .  I n i t i a l l y  the mesoderm i s  swollen but becomes 
considerably  thinned a f te r  4~5 days. Occasionally fragments of the 
ectoderm survive and form nodules o f hyperp lastic  c e l ls  which have 
a d is t in c t  squamous appearance and which, in  time, develop in to  
p a r t ia l ly  k e ra tin ised  c e ll  nes ts  (figu re  36, p .226 )• A few
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inflammatory c e l ls  are also present and there i s  an occasional 
m ultinucleated  g ian t cell*  The endoderm in  the region of the 
g r a f t  a lso  shows pronounced hyperplasia. The c e l ls  are low 
cuboidal and reach a maximum thickness o f 4-5  lay e rs . Notable 
changes are also  present in  the g ra f t .  In  the dermis th ere  i s  
increased  v a sc u la rity . The vessels  become d ila te d  and contain 
nucleated  red c e l ls  proving the con tinu ity  of the dermal vesse ls  
w ith those o f the chick mesoderm (figu re  37 > P*227J*
The epidermis almost always remains well preserved. The 
basa l c e l l s  g en era lly  tend to become elongated and le s s  densely 
s ta in in g . M itotic fig u res  are perhaps s lig h tly  more numerous 
than i s  usual in  normal human skin from the same regions (th igh  
and abdomenJ. I t  g radually  becomes th inner, the squamous c e l ls
becoming ra th e r  more eosinophilic  and the nuclei sm aller. M itotic 
f ig u re s  are  very in frequent. In te rce  1 lu la r  bridges are well
preserved. There i s  a moderate increase in  the amount of k e ra tin  
but kera tohyalin  granules are not a prominent fea tu re  (fig u re  38, 
p. 228) • In  b r ie f  the appearances are those of normal healthy  
flirin which i s  continuing to produce k e ra tin . This i s  borne out by 
the histochem ical findings which again are sim ilar to those of 
normal h ea lth y  skin , except th a t there appears to  be ra th e r  le ss  
ENA in  the lower portion  of the Malpighian c e ll  layer and more in  
the b asa l c e l l  lay e r . Glycogen i s  scanty and, where p resen t, only 
occurs in  iso la te d  c e l ls  low in  the squamous la y e r . The
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d is tr ib u tio n  o f the SS and SH groups i s  e s se n tia lly  the same as 
th a t  o f normal sk in . The changes in  the control g ra f ts  inoculated 
v i th  e x tra c ts  o f normal skin are e s se n tia lly  s im ilar to  those which 
have no t been inocu lated .
By comparison with both these groups, the changes in  the group 
inocu lated  w ith wart m ateria l are s tr ik in g . They are mainly in  the 
epiderm is which shows moderate acanthosis and, while there  i s  no 
frank pap illom atosis , th ere  i s  some extension of the in te rp a p illa ry  
processes in to  the underlying dermis (fig u re  39, p. 229 )• The 
b asa l c e l ls  are now d e f in ite ly  cuboidal and show f a i r ly  frequent 
m ito tic  f ig u re s , but the  basement membrane i s  in ta c t throughout.
The Malpighian c e l ls  show s lig h t pleomorphism and moderate m ito tic  
a c t iv i ty .  In te rc e l lu la r  bridges are not so well developed.
There i s  moderate hyperkeratosis and, in  p laces, some p arak era to sis . 
Many o f the more su p e rfic ia l Malpighian c e l ls  show vacuolation but 
kera tohyalin  granules are not a prominent fea tu re ; in  fa c t ,  quite 
the reverse  i s  the case. No inclusion  bodies have been seen and 
no d iffe ren ces  detected between those inoculated with e x trac ts  
from e ith e r  type o f w art. Eventually the g rea te r  p a rt of the 
squamous lay e r  i s  k e ra tin ised . There are frequent co llec tio n s  
o f p a rak era to tic  c e l ls  and a c tiv e ly  growing "basalH c e l ls  which are 
invading the underlying dermis (fig u re  40, P* 230 ) .
The histochem ical findings compared with the control g ra f ts  
co n sis t o f the follow ing. There i s  a f a i r ly  pronounced increase
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in  the  amount o f ENA in  "both the basal and lover squamous lay e rs , 
which ra p id ly  dim inishes as the surface i s  approached* An increase 
in  the amount o f demonstrable glycogen occurs in  iso la te d  c e l ls  in  
the lower squamous layer* I t  appears to be more prominent in  those 
a reas which are  associated  with an overlying p arak era to sis .
There i s  a pronounced increase in  the amount o f sulphydryl*
This occurs in  both the squamous and k e ra tin  la y e rs . I t  i s  
p a r t ic u la r ly  in tense in  the l a t t e r  s i te  (figu re  41, P* 231) where i t  
i s  considerably  g rea te r  than i s  seen in  uninoculated skin* This 
increase  i s  a lso  demonstrable in  those areas of h yperp lastic  
epithelium  which extend in to  the dermis and in  th e ir  c en tra l masses 
o f k e ra tin - l ik e  m ateria l (figu re  42, p* 231 )• The reac tio n  fo r 
d isu lphide i s  confined to  the k e ra tin  layers* I t  i s  f a in t  and 
s ta in s  only to  an estim ated concentration of 2%  o f th a t o f normal 
skin*
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DISCUSSION
The inocu la tion  of the chorio—a lla n to ic  membrane o f  the 
chick i s  now a standard technique in  v iro logy. I t s  p o s s ib i l i t ie s  
were probably f i r s t  demonstrated by accident by Rous and Murphy in  
1911, who noted th a t ,  in  eggs inoculated with f i l t r a t e s  o f the Rous 
chicken sarcoma, tumour developed on th is  membrane.
The g re a te s t impetus, however, stems from the work o f Good­
pasture  and h is  colleagues (Woodruff & Goodpasture, 19315 Good­
pastu re  e t  a l . ,  1932). They showed th a t inoculation  with m ateria l 
from fowl pox re su lted  in  the development of c h a ra c te r is tic  inclusion  
bodies in  the cytoplasm of the affected  c e l ls  (Bolldngar Bodies). 
S im ilarly , vaccina could be ca rried  in  s e r ia l  passage with the 
development o f  G uarnieri bodies. Some o f the v iruses which have 
been c u ltiv a te d  by th is  method produce s u ff ic ie n tly  d is tin c tiv e  
g ross appearances to  permit diagnosis on naked-eye examination, 
e .g . ,  fowlpox, vaccinia and in fec tious la ry n g o trach e itis  o f fowls.
These appearances are admirably summarised by Beveridge and 
Burnet (1953). They point out, however, th a t th i s  membrane 
h is to lo g ic a lly  i s  o f almost diagramatic sim p lic ity  and, th e re fo re , 
i t  i s  only to  be expected th a t the lesions produced on i t  w ill 
have many fea tu re s  in  common, and the appearances produced w ill 
depend on the re la t iv e  degrees o f p ro life ra tio n  and n ecrosis .
The chorio—a lla n to ic  membrane, i s ,  o f course, a s i te  which i s
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no to rious fo r  non-specific  le s io n s . In addition  to  the undoubted 
changes produced by v iru ses , i t  has been shown by Goldsworthy and 
Moppett (1935) th a t  lo c a lise d  lesio n s  can be produced by experimental 
evaporation o f the membrane. These show l i t t l e  change in  the 
ectodermal la y e r , s lig h t mesodermal oedema and in tense endodermal 
h yperp lasia . There i s  vacuolation of the endodermal c e l ls  in  which 
in c lu sio n  bodies occur. Some of these are in tran u c lea r, but fo r 
the  most p a r t they are not in  re la tio n  to  recognizable in ta c t  
n u c le i. D'Aunoy and Evans (1937) described various h is to lo g ic a l 
changes in  the c h o rio -a llan to is  o f unopened eggs. These consis t of 
varying degrees o f mesodermal oedema and ectodermal and endodermal 
p ro lif e ra t io n . Where ectodermal p ro life ra tio n  i s  pronounced many 
o f the  c e l l s  are vacuolated and contain rounded bodies which vary 
in  s ize  and which are unrelated  to nuclear chromatin.
In  the  p resen t s e r ie s  no macroscopic le sio n  has been demonstrated 
on the membrane and no inclusion  bodies found. Thus no difference 
in  behaviour can be detected between the two main types o f le s io n .
I t  must be concluded th a t ,  under the conditions of these experiments, 
the c h o rio -a lla n to is  does not support the growth of the v iru s  of 
verruca, which on previous c lin ic a l and experimental evidence does 
appear to  e x is t .  These findings do not confirm those of Bivins 
U953)» and suggest th a t the agent iso la ted  by him was not th a t of 
verruca v u lg a ris  and probably a contaminant. Although no firm 
conclusions can be reached possible explanations can be considered.
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Thus i t  may be th a t using hand p es tle  and mortar fa ile d  to 
cause s u f f ic ie n t  d is in te g ra tio n  of the c e lls  to  re lease  the v iru s .
This i s  u n lik e ly  as  subsequent experiments were undertaken and 
m icroscopical examination revealed destruc tion  of the c e l l s ,  although 
a moderate number o f nuc le i were s t i l l  in ta c t .  I t  i s ,  o f course, 
well e s tab lish ed  th a t many v iru ses w ill not grow on the membrane 
although they can be cu ltiv a ted  in  tis su e  cu ltu re s . P o liom yelitis  
i s  the outstanding  example. In  the case of w arts, an add itiona l 
fa c to r  may be connected with the long incubation periods which 
have been reported  (Templeton, 1935; Lyell <fe Miles, 1951)*
What i s  possib ly  more relevan t to the present study i s  the 
gross hyperp lasia o f the ectoderm with the production o f m aterial 
which las the morphological and most of the histochem ical 
c h a ra c te r is t ic s  o f k e ra tin . In  view of the fa ilu re  to  produce any 
co n sis ten t macroscopic le s io n s , the lack  of d ifference in  behaviour 
in  two apparently  d is t in c t  le s io n s , and most important of a l l  the 
fa c t  th a t  these changes could not be transm itted  to a second 
generation  o f eggs render the p o s s ib i l i ty  th a t these le s io n s  are 
the r e s u l t  o f v iru s  a c t iv i ty  purely speculative . I t  remains, however, 
th a t  inocu la tion  of the membrane with c e ll  f re e , b ac te r io lo g ic a lly  
s t e r i l e ,  f i l t r a t e s  o f human wart m aterial produces gross hyper­
p la s ia .  This i s  co n sis ten tly  much more pronounced than in  lesio n s  
produced by the inoculation , under id en tica l conditions, of the 
same amount o f  "control" m ateria l, such as sa lin e  ex tra c ts  of normal
Beveridge and Burnet (1953) discuss the possib le mechanisn 
o f  ectodermal p ro life ra tio n  in  membranes inoculated with virus*
They suggest th a t  a f te r  a c e ll  i s  damaged as the re s u l t  o f v iru s  
a c t iv i ty  w ith in  i t ,  the neighbouring ectodermal c e l ls  p ro life ra te  
in  response to  something d iffu sing  from the damaged c e l l .  This
may be e i th e r  v iru s  p a r t ic le s  or as they consider more probable,
/
growth stim ulating  substances re su ltin g  from the primary damage.
This may be re la te d  to  the hypothetical wound hormone which was 
a t  one time so popular. Whatever the nature of th is  substance, 
which i s  outw ith the scope o f the present d iscussion, there  appears 
l i t t l e  doubt th a t damaged c e lls  alone are su ff ic ie n t to  provoke 
hyperp lasia  o f the ectoderm. Extracts of hyperp lastic  le s io n s , 
such as  w arts, compared w ith normal skin consist of m ateria l from 
much more ra p id ly  growing and, therefo re , probably much more rap id ly  
degenerating c e l ls .  Consequently i t  i s  not unreasonable th a t these 
le s io n s  should produce considerably more hyperplasia of the ectoderm* 
This may be supported by the findings of Meirowsky e t  a l . (1954) • 
They inoculated  the ch o rio -a llan to is  with Seitz f i l te r e d  m aterial 
from two cases of intraepiderm al carcinoma. The lesio n s  on the 
membrane which they describe and i l lu s t r a te  are very s im ila r to 
those seen in  the present study, although these authors claim th a t
they are sp e c if ic .
As might be suggested by i t s  highly vascular nature , th is
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membrane i s  p rim arily  a re sp ira to ry  organ (Romanoff, 1952). The 
p ro life ra tio n  of the ectoderm takes place with remarkable ra p id ity , 
and the most s tr ik in g  fea tu re  i s  the s im ila r ity  o f these hype3>- 
p la s t ic  c e l ls  to those o f squamous epithelium . Although in te rc e l lu la r  
b ridges have not been seen, the resemblance i s  otherwise complete.
The resemblance again of the c e llu la r  co llec tio n s  in  the mesoderm 
to  c e l l  n e s ts  i s  remarkable. M etaplasia to a squamous type of 
epithelium  i s ,  o f course, a frequent finding  in  various reac tiv e  and 
n eo p las tic  processes in  human tis su e s . I t  o ften  proceeds to the 
form ation o f k e ra tin . On morphological grounds there  would appear 
to  be k e ra tin  formation both on the surface of the hyperp lastic  
ectoderm and in  the centre of the ’’c e ll  n e s ts" . Although these 
are g en era lly  accepted as an ind ica tion  of a f a i r ly  high degree o f 
d if fe re n tia tio n  in  a squamous c e ll  carcinoma, they nevertheless 
are presen t in  what i s  a rap id ly  growing le s io n . Thus the process 
of k e ra tin is a tio n  as i t  occurs in  the ectoderm is  more rap id  than 
th a t which normally occurs in  human skin or in  the h yperp lastic  
le s io n s  as i l lu s t r a te d  by the two types of w arts.
The histochem ical findings are e s se n tia lly  in  agreement with 
th is  suggestion. Thus there is  increase in  the amount of 
demonstrable glycogen in  the hyperp lastic  c e i ls  and th is  decreases 
w ith the onset of k e ra tin isa tio n . The suiphydryl groups also 
increase with the assumption o f the morphology of squamous c e l ls .
This g radually  becomes more intense and the zone of tra n s it io n  or
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the keratogenous zone, as demarcated by a zone o f in te n s if ie d  
s ta in in g  fo r  sulphydryl, has become much broader,
Again, although the disulphide reac tio n  i s  confined to  the 
k e ra tin is e d  areas of the ectoderm and the c e ll  n e s ts , in  both of 
these s i t e s ,  there  i s  s t i l l  a high concentration of sulphydryl and, 
although th e re  i s  some reduction as compared with the squamoid zone, 
th i s  i s  even le s s  marked than i s  seen in  the hyperplasias which, 
i t  may be re c a lle d , are again le ss  than th a t found in  normal 
k e ra tin is in g  human skin,
(Thus i t  seems reasonable to  conclude th a t although there i s  no 
evidence to  point to  i t s  id e n tity , much le s s  to suggest th a t i t  
i s  a v iru s , c e ll  free  f i l t r a t e s  of human skin lesio n s  can provoke the 
p ro life ra t io n  o f the chick ectoderm which, although i t  may be 
an exaggeration o f a non-specific  reac tion , i s  characterized  by 
the form ation of c e l ls  which become squamous in  type and which form 
m ateria l which i s  ind istingu ishab le  from k e ra tin  on morphological 
and histochem ical grounds.
In  ad d itio n  to  the voluminous stud ies which have been made in  
re sp ec t to  the e f fe c ts  of v iruses on the chick ch o rio -a llan to is , an 
extensive l i t e r a tu r e  has grown up describing the tran sp lan ta tio n  of 
various human an^ «ntma.l tis su e s  on the membrane. Much o f the work 
has n a tu ra lly  been concerned with the transm ission o f tumours of 
various kinds (Campbell, 1949)* Again skin has been a re la t iv e ly  
neglected  f ie ld  desp ite  the excellent o rig in a l s tud ies of Goodpasture
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e t  &L. (1938, 1944). This group again showed th a t successful
tra n sp la n ts  could he made and th a t they could he u t i l i s e d  in  v iru s  
s tu d ie s . There a re , in  add ition , records in  which adu lt 
skin could no t he transp lan ted  although benign and malignant tumours 
could he tran sp lan ted  re a d ily  (Mirand and Hoffman, 1953).
A fter some i n i t i a l  d if f ic u l ty  with the technique i t  was found 
p o ssib le  to  successfu lly  explant skin with con sis ten tly  successful 
r e s u l t s .  Squares up to a diameter of 1 cm. took read ily . On 
r e f le c t io n , th i s  i s  not as su rp rising  as i t  seems. Oakley (2.938), 
who tran sp lan ted  l iv e r  on to the membrane, said “there seems to he 
a p re jud ice  in  favour o f small tran sp lan ts  -  i f  v ascu la risa tio n  i s  
exc ited  by the products of au to lysis  a la rg er transp lan t stands a 
b e t te r  chance o f v ascu la risa tio n  than a small one". The 
v a sc u la risa tio n  o f the g ra f t  can he shown by the presence of 
nucleated  red  c e l ls  in  the c a p illa r ie s  of the human dermis, and there 
appears l i t t l e  doubt th a t they remain in  a healthy  condition once 
they  have “taken '1. There i s  re la tiv e ly  l i t t l e  in  the way of 
re ac tio n  on the p a rt of the membrane to  the g ra f t  fo r , as already 
mentioned, the ectoderm underneath i t  has generally  disappeared by 
the  f i f t h  day b u t, where i t  survives, /^the ce ll-n e s t"  l ik e  s tru c tu res  
o f  e s s e n tia l ly  s im ila r appearance to those described above develop.
In  the co n tro ls  the appearances are e s se n tia lly  those of normal skin 
which i s  continuing to produce k e ra tin . There are also no
s ig n if ic a n t d iffe ren ces  in  the histochemical findings.
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Again, the skin g ra f ts  inoculated with c e l l  free  and 
b a c te r io lo g ic a lly  s te r i l e  f i l t r a t e s  show co n sis ten t and d is t in c tiv e  
changes when compared with the control p reparations. There i s ,  
however, no demonstrable d ifference in  the e f fe c ts  produced by 
e x tra c ts  from the two types o f le s io n . I t  may be reasonable to  
assume however, th a t non-specific  reac tio n s  would be le s s  l ik e ly  
to  occur in  th is  s itu a tio n  than on the membrane i t s e l f .  Whatever 
may be the cause, these g ra f ts  show hyperplasia o f the squamous 
c e l l  la y e rs  and o f more d ire c t in te re s t  an increase in  the amount 
o f k e ra tin  formed. There i s ,  however, no papillom atosis and one 
can only speculate whether, i f  the time of incubation could be 
prolonged, th i s  would develop.
A ssociated with th is  increase in  the ra te  and amount of 
k e ra tin  formed there  are histochemical d iffe ren ces . Thus, once 
again, the inverse re la tio n sh ip  between the amount of demonstrable 
glycogen and the degree o f k e ra tin isa tio n  can be demonstrated.
The d is tr ib u tio n  of sulphydryl again i s  s im ila r to  th a t found in  
the s i t e s  o f more rap id  k e ra tin isa tio n  in  th a t the reduction in  
amount in  the k e ra tin  lay er i s  le s s  pronounced than in  normal 
co n tro ls . The concentration of disulphide in  the k e ra tin  lay e r i s  
a lso  much lower. Thus, the findings are in  keeping with those in  
the hyperkerato tic  le s io n s  which are assumed to  be growing more 
ra p id ly  anri in  which the process of k e ra tin isa tio n  i s  also  more 
rap id  and consequently possib ly  le s s  complete.
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Moreover, in  these g ra f ts  the acce lera ted  ra te  o f growth can 
he proved when they are compared with the co n tro ls , hoth specimens 
being o r ig in a l ly  from adjacent portions o f skin removed from the 
same patien t*  Therefore, whatever the cause, there  i s  considerable 
increase  in  k e ra tin  which has been formed more rap id ly . The 
histochem ical find ings are also  consisten t with i t  not being 
com pletely formed.
SUMMARY
Cell free  and b a c te r io lo g ic a lly  s te r i le  e x tra c ts  o f w arts o f 
the  h y perkera to tic  and dyskerato tic  types have been inoculated  
on to  the c h o rio -a llan to ic  membrane o f the hen’s egg. No 
morphological d iffe ren ces  can be demonstrated between the le s io n s  
produced by e i th e r  type, and no inclusion  bodies develop. Both 
types, however, produce gross hyperplasia of the ectoderm which 
becomes squamous in  type and produces k e ra tin . H yperplastic 
epithelium  extends deep in to  the mesoderm forming s tru c tu re s  
c lo se ly  resembling c e ll  n e s ts . Again these contain k e ra tin .
Human skin has been g ra fted  on to the ch o rio -a llan to ic  
membrane and inoculated with ex trac ts  o f both types of w arts.
Again no d iffe ren ces  in  reac tio n  can be demonstrated between them, 
and no in c lu sio n  bodies develop. Hyperplasia of the squamous c e ll  
la y e r  i s  produced with considerable increase in  the amount of 
k e ra tin  formed.
In both s i te s  the process of k e ra tin isa tio n  i s  associated  
with a decrease in  the amount o f demonstrable glycogen. Sulphydryl 
a lso  dim inishes w ith the formation o f k e ra tin  but to  a considerably 
le s s e r  ex ten t than th a t in  normal kera t in i  sing human skin or in  
the h y p erp lastic  lesions of both types. The concentration of 
d isu lphide in  the k e ra tin  layer i s  also considerably lower. I t  
i s  suggested th a t these findings represent an incomplete form of
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k e ra t in is a t io n  as the r e s u l t  o f the accelerated  ra te  o f 
formation*
P A R T  IV
VAGINAL KERATINISATION IN MICE BEARING HORMONE 
SECRETING TUMOURS
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INTRODUCTION
A d if fe re n t experimental approach to the present study was 
afforded  during a year spent in  the laboratory  o f Dr. Jacob Furth.
He and h is  a sso c ia te s  developed transp lan tab le  tumours from mouse 
p i tu i ta ry  glands. These tumours secrete  p itu i ta ry  hormones and 
produce widespread e f fe c ts  in  the host animals. Two such tumours 
were stud ied  in  d e ta il  in  Boston and are now carried  in  LAF 1 mice 
in  Glasgow (th e  techn ical d e ta ils  are given in  the appendix, p. 293). 
In  animals bearing a tumour which secre tes co rtico troph in  there i s  
a b o litio n  o f the period ic  k e ra tin isa tio n  of vaginal epithelium .
The o th er tumour secre tes  thyrotrophin and in  these animals there 
i s  evidence o f marked gonadal stim ulation . This section  i s  
concerned w ith the hormone dependent k e ra tin isa tio n  o f mouse vaginal 
epithelium  which occurs during o estru s. Accordingly, a f te r  a b r ie f  
considera tion  o f the more general e ffe c ts  produced by these tumours, 
the morphology and histochem istry of vaginal k e ra tin isa tio n  in  
normal LAF 1 mice w ill be described. Then follows an account of 
the e f fe c ts  produced on th is  process by these tumours and th e ir  
subsequent m odification under experimental conditions.
-  82 -
A. ADRENOTROPHIC PITUITARY TUMOURS (APRENOTROPES)
These were the f i r s t  p i tu i ta ry  tumours to appear a f te r  to ta l  
body ir r a d ia t io n  and several transp lan tab le  s tra in s  were developed 
(F urth , 1955)* These tumours proved, unlike the thyTotrophic 
tumours to  be autonomous in  the f i r s t  transplanted  generation in  
th a t they  could be grown in  normal hosts .
The find ings in  animals bearing such tumours have been well 
described  (Bahn e t  a l . ,  1957) and w ill be given here only in  out­
l in e .  The c h a ra c te r is t ic  gross anatomical fea tu res  include 
enlargement o f the adrenal glands (figu re  43, p. 232 ) , involu tion  
o f the  thymus and o besity  (figu re  44, P* 233 )• Lymphopenia, 
eosinopenia and polyuria  are present before the tumour i s  palpable.
The l a t t e r  grows rap id ly  a f te r  a variab le  la te n t period which 
gradually  becomes le s s  with each subsequent transp lan t (figu re  45,
P. 234). The a-pimal generally  d ies before the tumour reaches a 
diam eter o f  1 cm. A fu rth e r constant e ffe c t is  increased 
s e n s i t iv i ty  to  in fec tio n , the animal u sua lly  dying of endogenous 
in fe c tio n  by saprophytes, especia lly  diphtheroids. The h is to lo g ica l 
appearances o f the tumour are shown in figu res 46 and 47 ( PP» 235, 236). 
Of p a r t ic u la r  in te re s t  to  the present study i s  the finding  th a t 
vaginal k e ra tin is a tio n  i s  often  irre g u la r . All the changes 
produced by th i s  tumour can be prevented by adrenalectomy which also 
enhances tumour growth.
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I t  has been shown th a t in  the in ta c t animal with an adreno— 
tro p h ic  tumour th e re  are high hlood lev e ls  of co rticosterone and 
l ip  hydroxy-^-androstene 3*17 dione; 11a hydroxyandrostane-3.17 
dione has "been id e n tif ie d  in  the urine (Wilson e t a l . ,  1958) ,
Cohen and Furth (1959) using an in  v itro  assay method with 
adrenal tumour s lic e s  as a source of s te ro id  found 4-55 m il l i -  
units/m g. o f co rtico tro p h in  in  sucrose homogenates o f these tumours. 
Steelman eib a l .  (1956) previously found lower lev e ls  with an in  vivo 
method* The s tra in s  o f tumour used, however, were o lder.
B. THYftOTROPHIC PITUITARY TUMOURS (THYROTROPES)
Thyrotroph in  secre ting  tumours ra re ly  occur in  LAF 1 mice 
ir ra d ia te d  with X-rays and then only in  about the same percentage 
as  in  u n irra d ia te d  con tro ls  (Furth e t a l . ,  1959)* Tumours, 
however, can be produced read ily  by complete or n early  complete 
d es tru c tio n  o f the thyro id  by 1 ^ ^  (Gorbman, 1949)• Surgical 
thyroidectomy, although seldom complete, can also produce such 
tumours (F urth , 1957). Sim ilar tumours have also  been produced 
in  mice by the adm inistration  of a th io u rac il derivative (Moore 
e t  a l . ,  1953).
Unlike the adrenotropes the thyrotrophic tumours are i n i t i a l ly  
dependent in  th a t they w ill grow only in  an imal s  whose thyroid  
function  i s  d e fic ien t (Furth e t  a l . ,  1953)• A fter several s e r ia l 
tra n sp la n ts , however, autonomous v arian ts  generally  a rise  and
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can subsequently be carried, in  in ta c t hosts .
The le v e l o f c irc u la tin g  hormone in  animals with s t i l l  dependent 
thy ro troph ic  tumours i s  enormous, reaching some 2,000 times th a t of 
the usual blood le v e ls .  Tumour tissu e  has a concentration of 40 U. 
S.P. u n i ts /g .  on a wet weight basis  compared with an estim ated 20 
U.S.P. u n its  fo r  the normal mouse p itu ita ry .
Autonomous tumours have shown lower but s t i l l  g rossly  elevated 
le v e ls  o f thy ro troph in . Thus, in  the s tra in s  studied personally , 
which were in  the fo u rth  passage, the lev e ls  in  the tumour ranged 
from 12-15 U.S.P. u n its /g . wet weight (Kamat, 1959)*
Autonomous thyrotrophic tumours can cause widespread hyper­
p la s ia  o f the  host*s thyro id . The h isto lo g ica l changes range from 
i n i t i a l  s l ig h t  p a p illa ry  info ld ing  to  widespread so lid  areas which 
show many o f the h is to lo g ica l fea tu res  associated with malignancy 
(fig u re  48 , p . 237 )• These lesions have been shown to  be 
tra n sp lan tab le  b u t, so f a r ,  only to animals which also have a thyro­
troph in  sec re tin g  tumour and therefore a high blood level of 
thyro troph in  (Ghera, e t  a l . ,  I960). Thus they themselves are s t i l l
dependent neoplasms.
Of the  secondary changes which are present in  these animals, 
o f p a r t ic u la r  in te re s t  i s  the gonadotrophic *side e ffec t* , which i s  
present in  mice bearing h ighly  functional thyrotrophic tumour 
(Furth  8c C lif to n , 1957). In  such animals the ovaries are increased
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g re a tly  in  s iz e  and o ften  contain m ultiple cysts* The u te rin e  horns 
are a lso  markedly d ila te d  (fig u res  49 and 50, pp. 238, 239).
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KERATINISATION OF THE VAGINAL EPITM-IUM 
DURING THE NORMAL OESTRUS CYCLE
A* MORPHOLOGY
The cycle was followed by vaginal smears. D eta ils  of the 
technique are  given in  the appendix (p. 293 ) .  I t  i s  well known
th a t in  some s tra in s  of mice, i f  d a ily  examinations only are made, 
p ro -o estru s  and the f i r s t  p a rt of oestrus period may not be detected . 
In  the i n i t i a l  s tu d ie s , therefo re , smears were made a t 12 hourly 
in te rv a ls .  T hereafter 20 normal LAF 1 mice were examined d a ily  
a t  the same time each day. The animals were k ille d  a t  various 
stages in  the cycle and h is to lo g ica l preparations made. The 
follow ing cycle was found to be regu larly  present throughout. 
D i-oestrus i s  the re s tin g  or quiescent stage and in  these animals 
l a s t s  2 days. The epithelium  consists of 4-5 layers of ra th e r  
f la tte n e d  squamous c e l ls  -  m ito tic  figures are very rare  and 
k e ra tin  i s  no t seen. Vaginal smears a t th is  stage consist of large 
nucleated  e p i th e l ia l  c e l ls  and a moderate number o f polymorphonuclear 
leucocytes.
Pro—o e s tru s s This genera lly  la s ts  only 1 day. The epithelium i s  
now 8-10 lay e rs  in  th ickness. The outermost c e lls  are. s t i l l  
nucleated and amongst them there  are leucocytes. Beneath them are 
k e ra tin is in g  c e l ls  in  which keratohyalin granules are present.
These g ranu les, however, are very small and never a t any stage a 
prominent fe a tu re . The lowermost layers  of c e lls  are ty p ica lly
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squamous in  appearance and the basal c e ll  layer contains a moderate 
number o f m ito tic  f ig u re s . The vaginal smear a t  th is  stage 
c o n s is ts  o f  l ig h t ly  s ta in in g  nucleated c e lls .
O estrus: This g en era lly  la s t s  2 days in  thesfe animals. There i s
s u p e r f ic ia l ly  a dense lay er o f k e ra tin  and underneath 8-12 layers 
o f squamous c e l l s .  Keratohyalin granules are no longer prominent 
and m ito tic  f ig u re s  are infrequent. The smear now co n sis ts  so le ly  
o f  adherent f la k es  o f k e ra tin .
M eta-oestrus: This phase la s t s  1 or occasionally  2 days. The
s u p e rf ic ia l k e ra tin  lay er sloughs o ff  together with part of the 
squamous la y e r . The remaining part of the squamous lay er i s  
h eav ily  i n f i l t r a t e d  by leucocytes. The smear a t th is  stage 
c o n s is ts  o f groups o f k e ra tin ised  c e lls  which are surrounded by 
la rg e  numbers o f polymorphs.
B. HISTOCHEMISTRY
Again, o f the histochemical s ta in s  employed, only two were 
found to  be o f any re a l value — the periodic acid—Schiff fo r 
glycogen the dihydroxy-dinapthyl—disulphide reaction  fo r the
sulphydryl and disulphide groups.
E arly  in  d i—oestrus there i s  a f a in tly  positive sulphydryl 
re ac tio n  in  the cytoplasm of the e p ith e lia l c e lls ,  the nuclei being 
u n reac tiv e . This reac tion  i s  i n i t i a l ly  uniformly d is tr ib u ted  
throughout the e p ith e lia l  layer (figure 51 > P*24% But la te r
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more in tense  s ta in in g  i s  present in  the lower h a lf  of th i s  lay e r. 
No reac tio n  can he detected  in  the su p e rf ic ia l swollen nucleated 
c e l l s .  A ll lay e rs  a t  th i s  stage are completely unreactive fo r 
d isu lph ide . There i s  a moderately in tense reac tio n  fo r  glycogen. 
This i s  p resent as prominent granules in  the cytoplasm of the 
upper 2 or 3 lay e rs  of the squamous c e l l s .
■fr1 p ro -oestru s the lower 6 or so lay e rs  of the e p i th e lia l  
lay e rs  again show s lig h t reac tio n  fo r sulphydryl, while the super­
f i c i a l  c e l ls  are u n reactive . The interm ediate zone o f p a r t ia l  
k e ra tin is a tio n  shows a much higher concentration of sulphydryl and 
a f a in t ly  p o s itiv e  reac tio n  fo r  d isu lph ide. The reac tio n  fo r  
glycogen i s  s t i l l  moderately in tense and i t  i s  la rg e ly  confined to 
the lower and middle p a r ts  of the squamous lay e r . The outermost 
p rek era tin ised  lay e rs  are almost completely unreactive.
At o estru s  the e p i th e l ia l  lay e r shows moderate s ta in in g  fo r 
sulphydryl groups throughout and sin in ten se ly  s ta in in g  hand i s  
present a t the junction  o f the squamous and k e ra tin  la y e rs . This 
includes the S. granulosum and extends well in to  the k e ra tin  lay er 
(fig u re  52, p. 240). The remainder of the k e ra tin  lay e r i s  also 
moderately p o sitiv e  fo r  sulphydryl hut in ten se ly  so fo r  disulphide 
(fig u re  53, p. 31-0). The reac tio n  fo r glycogen a t  th is  stage 
i s  le a s t  in tense and confined to the middle zone of the squamous 
lay e r, the su p e rfic ia l k e ra tin is in g  layers  heing unreactive.
In  m eta-oestrus the sulphydryl reac tio n  in  the remaining
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squamous lay e rs  i s  now considerably le s s  in tense and there  i s  no 
rea c tio n  fo r  d isu lph ide . The reac tio n  fo r glycogen i s ,  on the 
o ther hand, stronger and presen t in  what i s  now the upper h a lf  of 
the squamous la y e r .
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THE EPITHELIUM IN MICE BEARING ADRENQTROPHIC TUMOURS
Two s tra in s  o f tumour were studied , Nos. 20 and 2. The 
l a t t e r  i s  thought to  have higher le v e ls  o f c irc u la tin g  hormone. 
Possib le d iffe ren ces  between them w ill be discussed fu rth e r  l a te r .  
The sequence o f tra n sp lan ta tio n  and th e i r  la tency  are given in  
Tables VIII and IX (pp.182,183). The operative treatm ent of the 
animals o f s tra in  20 whose o estru s cycles have been followed i s  
also  given in  Table VIII (p . 182 ) and summarized in  Table X
(p . I 84 )• s tr a in  2 i t  was only possib le  to  follow in ta c t
animals.
The r e s u l ts  are summarized in  Tables XI and XII (pp.385>186). 
The cycle as shown by the control animals, i . e . ,  in ta c t  animals 
w ithout tumour, i s  reg u lar and as given previously . The animals 
bearing an adrenotrophic tumour show gross a l te ra tio n  in  the cycle. 
Thus in  s tr a in  2 (Table XII, p. 186 ) the l a s t  detectab le  o estru s 
phase was 14 days p r io r  to the tumour becoming palpable and there­
a f te r  the animals give smears which are ty p ic a lly  those o f the 
p ro -oestru s phase. There are no co m ified  c e l ls .  Sections of 
these vaginas show th a t the epithelium  co n sis ts  of 2-3 c e ll  lay ers  
in  th ickness. There i s  an inner zone consisting  o f a single lay e r 
o f small cuboidal c e l ls  with r e la t iv e ly  la rg e  cen tra l nucle i and 
deeply eosinoph ilic  granular cytoplasm. These c e l ls  contain 
abundant ribonucle ic  acid . Glycogen i s  v ir tu a l ly  absent and they
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are  com pletely unreactive fo r  sulphydryl or d isu lph ide. Super­
f i c i a l l y  there  i s  in  most p laces a s ing le  lay e r (occasionally  i t  
i s  double) o f t a l l  columnar c e l ls  with small darkly  s ta in in g  nucle i 
which are basa l in  p o s itio n , The cytoplasm which i s  f a in t ly  
eosinoph ilic  contains abundant Schiff p o s itiv e  m ateria l, which 
may be mucin. There i s  no reac tio n  fo r  ribonucle ic  acid , sulphydryl 
o r d isu lphide groups, and no evidence o f k e ra tin  formation (fig u re  
54, P. 241 ) .
As w ill be seen in  Table XI (p . I 85 ) the cyole in  the o ther
group o f tumour bearing animals ( s t r a in  20)  i s  also considerably 
a lte re d . Thus, fo r  the g rea te r  p a rt of the cycle the smears are 
ind istin g u ish ab le  from those of la te  d i-o e stru s  or e a rly  pro- 
o es tru s  in  the in ta c t  normal animal. At infrequent in te rv a le  the 
animals go through a very b r ie f  -  always le s s  than 12 hours -  phase 
which has been designated P /0. The find ings in  the smear are 
predominantly those of p ro -oestru s. There are mainly l ig h t ly  
s ta in in g  but s t i l l  nucleated c e lls  and occasionally  a few 
completely co ra ified  c e l ls .  Sections of vagina taken a t  th is  
stage are as shown in  figu re  55 (P* 241 ) .  I t  co n sis ts  of some 
6-7 c e l l  la y e rs . In  the lower lay ers  the c e l ls  are s t i l l  oval and 
have muclei which now almost f i l l  the whole of the c e l l  and which 
s ta in  l ig h t ly .  These c e lls  have a moderate content of ribonucle ic 
acid  but are unreactive fo r glycogen, sulphydryl or d isulphide. 
S u p e rfic ia lly  there  are two layers  of f la tte n e d  c e l ls .  In the
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lower th e  nucleus, which i s  now also  f la tte n e d , s ta in s  f a i r l y  
densely and the cytoplasm i s  f in e ly  g ranu lar. In  the outermost 
la y e r  the n u cle i are elongated and s ta in  very densely. The cyto­
plasm i s  now more deeply eosinoph ilic . There i s  no morphological 
evidence o f k e ra tin id a tio n  and keratohyalin  granules have not been 
id e n tif ie d .  A moderate number o f polymorphs are present through­
out th i s  e p i th e l ia l  lay e r.
O estrus Cycle in  Adrenalectomised Mice Bearing Adrenotrophic 
Tumours
The number of adrenalectomised mice bearing tumours studied  
i s  given in  Table X, ( p .184) . The sequence of th e i r  o es tru s  cycle 
i s  a lso  given in  Table XI, ( p .185) . The only detectab le  d ifference 
between these and the in ta c t  non-tumour bearing con tro ls  i s  th a t 
the m eta-oestrus stage i s  prolonged and the d i-o e s tru s  stage i s  
shortened. The duration  and frequency of the oestrus stage i s ,  
however, unchanged. Sections examined from the vaginas of these 
animals k i l le d  a t  various stages of the cycle reveal no notable 
morphological or histochem ical fea tu res  between the two groups. 
Gonadectomised and Adrenalectomised Mice Bearing Adrenotrophic 
Tumours
The number of animals studied i s  again given in  Table X and 
the find ings are summarised in  Table XI.
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I t  w ill  be seen from th is  tab le  th a t there i s  no evidence 
o f k e ra tin is a tio n  as shown by the vaginal smears, which are extremely 
scanty in  c e ll  content. The animals are almost continuously in  
a s ta te  o f p ro -oestrus with occasionally  phases when the appearances 
are those of d i-o e s tru s . H is to lo g ica lly , the vaginal epithelium  
c o n s is ts  o f a double lay e r of cuboidal c e lls  which have r e la t iv e ly  
la rge  ce n tra l nuclei which s ta in  densely (fig u re  56, p. 241 ) •
The cytoplasm i s  pale and eosinoph ilic . There i s  a s lig h t 
reac tio n  fo r ribonucle ic  acid . Glycogen i s  only present very 
in freq u en tly  as sparsely  arranged fin e  granules. There i s  no 
reac tio n  fo r  sulphydryl or d isu lph ide. There i s  no evidence of 
k e ra tin is a tio n  and no s tru c tu re s  resembling keratohyalin  granules 
are  seen.
Oestrus Cycle in  Thyrotrophin Tumour^Bearing Mice
The number of animals studied i s  given in  Table X III, (p . 187 )• 
They are in  two groups, in ta c t and a thyro id . This l a t t e r  group 
received 60 jic. I 1^1 in tra p e rito n e a lly  a f te r  10 days on a 
commercially prepared low iodine d ie t (N u tritio n a l Biochemical 
Corp. )
The cycle as assessed by both smears and h is to lo g ic a l and 
histochem ical examination a t  various stages i s  e s se n tia l ly  w ithin 
normal l im its  fo r these animals, No d ifference i s  detectab le  
between the in ta c t  or athyroid groups.
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DISCUSSION
This sec tio n  i s  concerned with the behaviour o f the vaginal 
epithelium  in  LAP 1 mice which bear tran sp lan tab le  hormone 
secre tin g  tumours. They are of p i tu i ta ry  o rig in  and from the 
o r ig in a l tumours there have been developed re a d ily  tran sp lan tab le  
s tr a in s .  Two types have been u t i l i s e d  in  th is  in v estig a tio n ; 
one which secre tes  co rtico troph in , and the o ther which sec re tes  
thyrotrophin  and appears to  have a gonadotrophic side e f fe c t .
As has been i l lu s t r a te d  the morphology o f these tumours i s  
no t d is t in c t iv e .  In  general, histochem ical s tud ies  have placed 
them amongst the chromophobes. I t  i s ,  however, not su rp risin g  
th a t  they cannot be p o s itiv e ly  id e n tif ie d  on morphological and 
histochem ical grounds with th e i r  possible parent c e l ls  in  the 
normal p i tu i ta ry .  This probably i s  of l i t t l e  s ign ificance when 
one recognises th a t they show several of the c r i te r ia  associated  
with malignancy, including c e llu la r  pleomorphism. In add ition , 
there  may be over—emphasis placed on the separation o f the 
ind iv idual c e l ls  of the p i tu i ta ry  on the b as is  of sp ec ific  
s ta in in g  o f th e i r  granules. I t  i s  conceivable as suggested by 
Lazarow ( 1955) , th a t a c e ll could be synthesising large  amounts 
o f hormone and pouring i t  in to  the c ircu la tio n  without a c tu a lly  
converting jb to  the storage form which i s  represented by sp ec ific  
s ta in in g  granules. This would appear to be quite possib le in  a
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tumour which has a higher ra te  of c e ll metabolism than normal.
As a g en e ra lisa tio n , as tumours grow more rap id ly  they tend to 
become d ed iffe ren tia ted  and to become le s s  highly fu n c tio n a l.
I t  has been shown th a t these hormone secreting  tumours which are 
i n i t i a l l y  dependent, as in  the case of the thyrotrophic le sio n s  
have a lev e l of hormone which i s  higher than tumours which have 
gained autonomy. Further, with successive tra n sp lan ts  the tumours 
grow more rap id ly  and gradually  the lev e l of hormone secreted  
d ec lin es . This increase in  growth ra te  with accompanying decline 
in  the amount o f secreted hormone i s  also found in  the adreno- 
a tro p h ic  tumours although these have been found to  be autonomous 
from th e i r  i n i t i a l  iso la tio n . Thus in  the two main groups under 
observation , there are those secreting  thyrotrophin and those which 
secre te  co rtico troph in . The l a t t e r  group can again be sub­
divided in to  two groups. There i s  s tra in  2, o f more recent
iso la tio n , which a t the time of examination i s  in  the 12 and 13 
passages w ith a mean la tency  of 9^ days. On the other
hand, the animals of s tra in  20 bear tumours which are now in  the 
21-29 passages and in  which the la tency  i s  now reduced to  about 
30 days. Although i t  has not been possib le to  assay d ire c tly  
the co rtico tro p h in  lev e l of group 2, th is  s tra in  should have a 
higher le v e l of c ircu la tin g  hormone. As w ill be discussed la te r ,  
th i s  p o s tu la te  i s  in  keeping with the findings in  the changes in  
the vaginal epithelium .
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The cy c lic a l process of k e ra tin isa tio n  in  mice since the 
o r ig in a l work o f Allen (1922: 1924) has been ex tensive ly  studied, 
and i s  now the b a s is  o f a standard method fo r bioassay of 
oestrogens in  gonadectomised female mice. I t  has been shown th a t ,  
although i t  i s  generally  present in  healthy  mice, the re g u la r ity  
and du ra tion  o f the cycle vary with d iffe re n t s tra in s .  In hybrids 
i t  has also  been found th a t the vaginal s e n s i t iv i ty  to oestrogens 
i s  u su a lly  interm ediate between the two paren ta l s tra in s  (Gardner, 
1959)* I*1 the present study these f i r s t  generation hybrid mice
(LAF 1) do have a regu lar cycle with an oestrus phase which la s t s  
fo r  two days, as measured by the vaginal smear technique, and 
subsequently confirmed on numerous occasions by the examination 
o f h is to lo g ic a l sections.
The examination of the vaginal epithelium  a t various stages 
o f the cycle has shown th a t the process of k e ra tin isa tio n  i s  a 
rap id  one and th a t e s se n tia lly  there i s  no d ifference in  the 
morphology or histochem istry  of the process as compared with th a t 
in  normal sk in . The process involves the formation of a dense 
lay er o f k e ra tin  which i s  completely shed and reformed every 6 
days. I t  shows the same inverse re la tio n sh ip  between the amount 
o f demonstrable glycogen and the degree o f k e ra tin isa tio n . There 
i s  an accumulation of sulphydryl in  the k e ra tin is in g  squamous c e l ls ,  
grid subsequent reduction in  the k e ra tin ised  lay e rs . Disulphide, 
again, i s  only demonstrable in  the fu lly  k era tin ised  lay e rs . The
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amount o f reduction  in  the k e ra tin ised  layer compared with the 
squamous zone i s  not so pronounced as i t  i s  in  the normal skin 
o r in  the h yperp lastic  skin lesions already described. This 
broadening of the t ra n s it io n  zone i s  comparable to th a t which has 
been already  described in  the processes which show evidence o f a 
more rap id  formation of k e ra tin , i . e . ,  the hyperkerato tic  lesio n s  
in  human skin o r the experim entally produced k e ra t in i  sing lesio n s  
described in  the previous section .
As mentioned e a r l ie r ,  i t  i s  well estab lished  th a t the 
removal of the ovaries abolishes th is  cy c lica l k e ra tin isa tio n  
and the re tu rn  of th is  process can be used as an index o f oestro­
genic a c t iv i ty  o f various substances. Biggers and Claringbold 
(1954) made a s ta t i s t i c a l  analysis of th is  process on the b as is  
o f m ito tic  counts. They s ta te  th a t i t  i s  t ru ly  quantal, i . e . ,  
the animals e ith e r  respond or they do not and th a t no fu rth e r  
grading system, of which many types have been suggested, i s  
necessary . They and o ther members of th e ir  group have from 
time to  time suggested th a t the action of oestrogens in  producing 
k e ra tin is a tio n  i s  through the stim ulation of c e ll d iv isio n  without 
having any o ther e ffe c t on the k e ra tin is in g  c e l ls .
The r a te s  of m itosis in  squamous epithelium , including the 
vagina, have been studied in  considerable d e ta il by W.S. Builough 
(1952 ) .  He suggests th a t the most c r i t i c a l  n u tr it io n a l 
requirement o f a c e ll  about to en ter d iv ision  i s  glucose and th is
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i s  re la te d  to  the high energy requirements which in  tu rn  are 
re la te d  to  the e f fe c ts  of a wide v a rie ty  of hormones (Bullough, 
1955)* He also  s ta ted  e a r l ie r ,  th a t the normal ac tion  of the 
oestrogens i s  re la te d  to  th e ir  capacity to stim ulate m itosis  
throughout the body. Their more vigorous and spec ia lised  ac tion  
on the reproductive organs o f verteb rates has probably evolved 
from th is  general capacity . He fu rth e r suggests th a t the degree 
o f reac tio n  depends on the need fo r each tissu e  fo r  c e ll  replace­
ment ra th e r  than on the degree of th e ir  d if fe re n tia tio n  (Bullough, 
1946).
The precise  mechanism of action  of the oestrogens remains, 
however, unproven. The problem is  admirably discussed by 
M ueller (1957) who concludes “a t th is  time we do not know fo r 
c e r ta in  the mode of action  of any s te ro id ’1. More recen tly  
V illee  (1959) and Rosa and Velardo (1959) have presented chemical 
and histochem ical evidence th a t in  oestrogen sen sitiv e  tis su e s  
oestrogen a c ts  as a cofactor fo r i s o c i t r ic  transhydrogenase, there­
by increasing  the ra te  of conversion of ATP to ADP thus re leasin g  
more energy fo r  metabolic a c tiv ity . However, i t  seems a t  present 
to  be g en era lly  acceptable th a t the production of k e ra tin  in  the 
mouse vagina by oestrogens re su lts  from the stimulus to m itosis 
in  a s i te  sen sitiv e  to  the action  of oestrogens.
Ayi important p art of the l a s t  statement i s  ”in  a s i te
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se n s itiv e  to  oestrogens”. Thus, while i t  has been shown by 
H.F. Bullough (1942-44) th a t in  mice there i s  a re la tio n sh ip  
between the o estru s cycle and m ito tic  a c t iv i ty  in  skin, the most 
s tr ik in g  changes a re , of course, those in  the vagina. However, 
in  ad d itio n  to  there being d iffe ren t s e n s i t iv i t ie s  to oestrogens. 
between d if fe re n t organs, apparently homologous organs reac t 
d i f f e r e n t ly  in  d iffe re n t species. This i s  i l lu s tr a te d  by the 
re ac tio n  o f the vagina of the rabb it to  oestrogens. I t  i s  
converted from a simple tube of cy lin d rica l epithelium  to  one lined  
by ’’m ucified" c e l ls  and in  which there i s  no evidence o f 
k e ra tin is a tio n . According to Jo s t (1939» 1943), th is  p e c u lia r ity  
depends on the development of the rab b it vagina from M ullerian 
elements in stead  of the urogenital sinus as i t  i s  in  r a t s  and mice. 
These observations are supported by Zuckerman (1940). He agrees 
th a t  oestrogens stim ulate not only the growth of the male and 
female reproductive tissu e  but other tis su e s  such as skin . He 
s ta te s ,  however, th a t generally  where the M ullerian ducts 
con tribu te  to the development of the upper p art of the vagina, they 
are as  a ru le  replaced by sinus epithelium .
As Burrows (1949) Has pointed out, th is  capacity to  respond 
to  oestrogen and the degree of responsiveness are innate c e llu la r  
c h a ra c te r is t ic s .  This capacity i s  re ta ined  even when the tis su e s  
are tra n s fe rre d  to  other p arts  o f the body. Thus i t  has been 
shown by Raynaud (1930) th a t the vaginal epithelium of gonadectomised
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gu inea-p igs, when transp lan ted  to the pectoral region, could 
respond to  the influence of oestrogens by k e ra tin isa tio n .
In  the thyrotrophin  secre ting  animals i t  w ill be reca lled  
th ere  i s  no evidence o f upset in  e ith e r  the duration or the 
p e r io d ic ity  o f the oestrus cycle. This group may be considered 
as  co n tro ls  fo r  the cortico trophin  secreting  animals inasmuch as 
the presence o f h ighly  functional tumours i s  in  i t s e l f  not 
s u f f ic ie n t  to  upset the normal rhythm of the oestrus cycle. A 
p o in t o f more d ire c t in te re s t  i s  th a t these animals show evidence 
o f gonadal stim ulation  as evidenced by enlarged ovaries and 
d i la te d  u te r in e  horns. In the o rig in a l observations Furth (1955) 
s ta te d  th a t  th is  only occurred in the athyroid group. In the 
animals stud ied  personally , however, i t  i s  noted th a t even the 
in ta c t  animals which bear tumours do show some gonadal stim ulation . 
The s tim u la tio n , however, i s  not accompanied by any evidence of 
a l te r a t io n  in  the oestrus cycle, th a t i s  the increase in  the size 
o f the ovaries  and u te rin e  horns i s  not accompanied by a 
s ig n if ic a n t increase in  the level of c ircu la tin g  oestrogen.
The changes in  the adrenotrophic group are by comparison 
s tr ik in g . As was discussed e a r l ie r ,  the oestrus cycle has been 
followed in  two groups5 s tra in  2 o f more recent iso la tio n  and in  
which th e  amount o f c ircu la tin g  hormone i s  probably higher than 
th a t  in  the o lder s tra in .  This suggestion i s  supported by the 
find ings in  the oestrus cycle. Thus in  the s tra in  2 animals there
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i s  complete a b o litio n  of the process of k e ra tin isa tio n  by 
the  vag inal smears the animals are in  a continuous stage of pro- 
o e s tru s . As w ill be reca lled , in  the animals of s tra in  20, on 
the  o th e r hand, there  i s  occasional and very tra n s ien t evidence 
o f some k e ra tin is a tio n . This would suggest th a t the a n t i-  
k e ra tin is in g  ac tion  of these tumours i s  more pronounced in  the 
more re c e n tly  iso la te d  s tra in  than in  the o lder group, which i s  
growing more rap id ly  and in  which the level of hormone output i s  
presumably lower.
I t  i s  s ig n if ic a n t th a t adrenalectomy consis ten tly  abolishes 
th i s  in h ib itio n  of k e ra tin isa tio n . There i s  complete re s to ra tio n  
of the normal cycle and w ithin 7 days the smears and h is to lo g ica l 
and histochem ical appearances of the vaginas are ind istinguishab le  
from the in ta c t  normal animal. In  the gonadectomised animals 
th e re  i s  o f course complete abo lition  of the k e ra tin isa tio n  
process and the epithelium , as has been i l lu s tr a te d , consis ts  of 
two la y e rs  of cuboidal c e l ls .  The appearances o f animals which 
have been both adrenalectomised and gonadectomised are id e n tic a l.
Thus i t  appears th a t in  these animals g rafted  with adreno­
tro p h ic  tumours, the adrenals are hyperstimulated by the excessive 
amount o f co rtico trophin  derived from the tumour c e l ls .  The 
adrenals o f many species are known to secrete gonadal hormones in  
ad d itio n  to  the co rtico ste ro id s. There i s  also known to be some 
s im ila r i ty  of action  to’ the gonadal hormones, p a r tic u la r ly  between
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progesterone and the co rtic o s te ro id s  (Burrows, 1949). Again 
progesterone has the same fundamental s tru c tu re  as the androgens.
E a r l ie r  rep o rts  on the e ffe c ts  of co rtic o ste ro id s  on vaginal 
k e ra tin is a tio n  were co n flic tin g . Thus Salmon (1939) found th a t 
deoxycorticosterone ace ta te  produced k e ra tin isa tio n  in  post­
menopausal women. Robson (1939)> on the o ther hand, found in  
mice th a t  deoxycorticosterone in h ib ited  oestrus and caused 
m ucifica tion . The p o sitio n  was c la r i f ie d  by C ourrier ( I 942) , 
who showed th a t in  ca s tra ted  r a ts  k e ra tin isa tio n  o f the vagina 
under the influence of deoxycorticosterone was an ea rly  but 
tra n s i to ry  e f fe c t which i s  soon followed by the so -called
,fm ucifica tionn. The action  of co rtico troph in  has also  been shown
to  produce vaginal m ucification (A llo iteau  & Courvoisier, 1953;
Tyan e t  a l . , 1953; S c h ille r , e t  a l . ,  1953). From the work of the 
l a t t e r  there  i s  good evidence th a t as co rtico ste ro id s  can completely 
in h ib i t  the n a tu ra l and experimental oestrus cycle, there  i s  a 
double in h ib itio n  of both co rtico trophin  and gonadotrophin in  the
p i tu i ta ry .  This would appear to  be the most reasonable
explanation o f what happens in  the present s e r ie s . I t  has been 
w ell e s tab lish ed  in  these animals th a t tumours stim ulate the 
production o f  la rge  amounts o f corticosterone which is  the normal 
s te ro id  o f the mouse and as a minor product l ip  hydroxyA 4 andro— 
stene 3:17 dione. I t  i s  presumably these s te ro id s  which, by a
-  103 -
"feed back" mechanism v ia  the p itu ita ry , in h ib it  the output o f 
oestrogens. Experiments could be designed using hypophysectomised 
mice on the in te ra c tio n  of the various fac to rs  in  th is  hormonal 
con tro l o f k e ra tin is a tio n . I t  was, however, found impossible to  
sub jec t hypophysectomised mice which bore these tumours to fu rth e r  
operative trauma. Therefore, a more d ire c t approach i s  made in  
the next section  when the e ffec t of various s te ro id s  on 
k e ra tin is a tio n  in  tissu e  cu ltu re  i s  considered. The whole question
o f antagonism of s te ro id s  i s  extremely complex. I t  may be
defined as the suppression or m odification o f the e ffe c t of one 
hormone on the end organ or tissu e  by the "opposite" sex hormone.
The process has been demonstrated in  numerous animal experiments 
(Burrows, 1949; Roberts & Szego, 1953) but, by and la rg e , i t  
seldom i s  c le a r  to what extent the antagonism occurs a t  the s i te  
o f  ac tio n  on the end organ or i s  mediated by the p itu i ta ry .
Thus, whatever the s i te  of action may be, i t  has been shown 
th a t in  these animals the process of k e ra tin isa tio n  has been 
abolished by substances, presumably s te ro id s , which have been 
produced by the adrenals under the stimulus of a g re a tly  increased 
output of co rtico troph in . These substances are , th erefo re , 
an tagon ists  to the normal action  of oestrogens.
The phenomenon of "antagonism" wiUbe considered again in  
the following section . B riefly , however, i t  has been shown th a t
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vaginal k e ra tin is a tio n  can be suppressed by androgens in  the 
in ta c t  animal (Robson, 1936), in  oestrogen tre a ted  hypo— 
physeetomised animals (Koch e t a l . ,  1950) and in  oestrogen tre a ted  
nonr-hypophysectomised castra ted  animals (Etamens & Bradshaw, 1939). 
I t  has a lso  been shown th a t progesterone opposes the p ro life ra tiv e  
and k e ra tin is in g  action of oestrogens in  the vagina (Robson, 1950).
I t  i s  obvious th a t in  many rep o rts  describing the vaginal 
changes which are produced by various substances th a t there  i s  
o ften  some confusion as to  what precise h is to lo g ica l fea tu res  are 
involved. Thus the use of the term 'm ucifying', which i s  used to 
describe the changes which are produced in  the vaginal epithelium  
as the r e s u l t  o f the adm inistration of progesterone or as i s  seen 
in  the  adrenotrophic tumour bearing animals, i s  misleading. The 
appearance o f the c e l ls  has already been described and i l lu s t r a te d ,  
bu t i t  w ill  be seen th a t they are not in  fac t mucus secre ting  c e lls  
as these are generally  understood. They are c e lls  which show no 
evidence o f k e ra tin isa tio n  and which are being shed complete with 
nucleus. They represent c e lls  which have not undergone the 
complete d e v ita lis a tio n  as occurs in  the process of k e ra tin  
form ation. They have no t, however, undergone a form of meta­
p la s ia  as the term might seem to imply.
Burrows (1949) pointed out th a t s tr a t i f ic a tio n  of the vagina, 
i . e . ,  increase in  number of c e ll lay ers, precedes the deposition 
o f k e ra tin  and appears to be an essen tia l response of the vaginal
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epithelium  to  oestrogen. Thus as Freud (1938) suggests, 
oestrogens may he c la s s if ie d  as ’m itogenic ' ,  i . e . ,  they produce 
a m ultilayered  epithelium . He fu rth e r  c la s s i f ie s  te s to s te ro n e  
and o th er androgens as "mitogenic and mucifying", as they produced 
a m ultilayered  epithelium  hut with ’m ucification* of the su p e rfic ia l 
la y e rs . He places progesterone amongst the non-mitogenic and 
mucifying in  th a t there  i s  no g reat increase in  the th ickness of 
the epithelium . I t  i s  however mucified only in  the sense th a t i t  
does not show any evidence of k e ra tin is a tio n . Thus, as was d is ­
cussed e a r l ie r ,  i t  appears th a t the primary action  o f oestrogen is  
to  stim ulate the growth of vaginal epithelium  and thereby increase 
the amount of k e ra tin  being formed. The action  of various 
substances which may be termed oestrogen an tagon ists , including the 
co rtico tro p h in  secre ting  tumours, ac t through th is  process of 
growth. Their e f fe c t probably represen ts a slowing up process 
suggesting th a t k e ra tin isa tio n  i s  the common end re s u l t  o f some 
process o f stim ulation . This may be chemical as in  the case of 
oestrogens but there i s  good evidence th a t k e ra tin isa tio n  of 
vaginal epithelium  may be the re su lt  o f physical stim ulation .
Thus Wade and !Doisy (1935) bave shown that in gonadectomised rats, 
swabbing three times daily  was su ffic ien t to provoke keratinisation. 
I t  may be suggested that there may be su ffic ien t oestrogens from the 
adrenals to provoke the keratinisation process but, even i f  th is  i s  
so, the physical trauma sligh t though i t  may be is  an essentia l
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p a r t of the  process. Thus k e ra tin is a tio n  in  the vagina i s  on 
h is to lo g ic a l and histochem ical appearances no d iffe re n t from th a t 
in  any o f the o ther s i te s  which have been described e a r l ie r .
The av a ilab le  evidence suggests th a t  k e ra tin  formation in  th is  
s i te  i s  the end re s u lt  in  considerably stim ulated vaginal epithelium  
and th a t  the  in h ib itio n  o f th is  process r e s u l ts  from the in h ib itio n  
o f c e l lu la r  p ro life ra tio n  and not through any d ire c t m odification 
o f the vaginal c e l l s .
SUMMARY
The o es tru s  cycle w ith i t s  periodic vaginal k e ra tin is a tio n  
has been followed in  LAF 1 mice. There i s  in  these animals a 
reg u la r cycle in  which the  stage o f k e ra tin isa tio n  la s t s  two days. 
The process shows no morphological or histochemical d ifferences 
compared with th a t described in  the previous sections. There i s ,  
however, a broadening o f the zone of tra n s it io n  between the 
squamous and k e ra tin  la y e rs . In th is  s i te  there i s  an accumulation 
o f sulphydryl, which i s  subsequently reduced in  the k e ra tin  lay e r. 
The amount o f reduction i s  le s s  than i s  seen elsewhere. This i s  
a t tr ib u te d  to  the ra te  a t  which th is  cy c lica l process takes place.
I t  has also  been studied in  animals which bear transp lan tab le  
hormone secre ting  tumours which were o r ig in a lly  iso la te d  from mouse 
p i tu i ta ry  glands. One group secre tes  thyrotrophin and, as a side 
e f fe c t ,  produces stim ulation of the gonads. There i s ,  however, 
no a l te ra t io n  in  the oestrus cycle in  th is  group. Two s tra in s  
o f adrenotrophic tumour were also studied . The presence of these 
tumours in h ib its  the periodic k e ra tin isa tio n  o f the vagina. This 
can be completely resto red  by adrenalectomy. I t  i s  considered th a t 
the process i s  probably the re s u l t  of an in h ib itio n  of gonado­
tro p h ic  hormones of the p i tu i ta ry  with the subsequent I a l l  in  the 
output o f ovarian oestrogens.
P A R T  V
THE FORMATION OF KERATIN BT TISSUE CUI/TURE
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INTRODUCTION
The fundamental purpose of tis su e  cu ltu re  i s  the maintenance 
o f t is s u e s  a liv e  outside the body. The methods f a l l  in to  two 
main c a te g o rie s :-  (a) where the aim i s  the rap id  growth of c e l ls  
u su a lly  of the same type. This i s  u sually  re fe rred  to  as " tissu e"  
o r more c o rre c tly  "ce ll"  cu ltu re , (b) where tissu e  i s  maintained 
under conditions of slower growth in  the hope of obtaining organisation  
o f incom pletely d iffe re n tia te d  tis su e s , or the maintenance of 
organised s tru c tu re  in  tis su e s  already d iffe re n tia te d . This i s  
u su a lly  re fe rre d  to  as "organ" cu ltu re . In  general, two separate 
and d is t in c t  processes are involved, namely, p ro life ra tio n  which 
im plies the redup lication  of s im ilar types of c e lls  and d iffe re n tia tio n  
which leads to  the production of c e lls  which are genera lly  of a 
d if fe re n t type and may possess a more highly  developed functional 
capacity . These two processes in  v i t ro , as in  the in ta c t animal, 
a re , i f  not mutually exclusive, generally  exhibited  in  reverse 
re la tio n sh ip  to  each o ther.
In  the present study both types of cu ltu re  have been explored.
I t  has been pointed out by Fawcett (1955) th a t various c e ll  types 
in  adu lt t is s u e s  vary g re a tly  in  th e ir  a b i l i ty  to  grow and 
regenera te , and, therefo re , some knowledge of the p ro life ra tiv e  
capacity  o f a p a r tic u la r  c e ll type in  vivo i s  a guide to what may 
be reasonably expected of th a t c e ll in  v i t ro . The epidermis and
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p o ssib ly  squamous epithelium  in  general can be c la s s if ie d  amongst 
those t is s u e s  which have a b r ie f  l i f e  span. They are replaced by 
the p ro life ra tio n  of r e la t iv e ly  u n d iffe ren tia ted  germinal elements. 
Accordingly i t  may be expected th a t,  while the germinal c e l ls  
p ro life ra te  in  cu ltu re , the more highly d iffe re n tia te d  c e l ls  survive 
fo r  only a b r ie f  period.
I t  may also  be expected th a t the most inform ative re s u l ts  are 
found in  the type of cu ltu re  which shows slow but organised growth. 
Here the process of k e ra tin isa tio n  may proceed in  a manner comparable 
to  th a t  observed in  vivo. As w ill be discussed la te r ,  th i s  has been 
shown to be the case. On the whole, c e ll growth has been unsuccessful. 
A b r ie f  d escrip tio n  i s  included since the behaviour of c e l ls  growing 
out from squamous epithelium  i s  in te re s tin g  in  re la tio n  to  the 
find ings w ith the organised type of growth as well as to  o ther 
work in  th is  f ie ld .
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CELL CULTURE OF SKIN MD OTHER EPITHELIAL TISSUES
As in d ica ted  above, in te re s t  in  th is  type of cu ltu re  i s  
p rim arily  concerned with the c e llu la r  outgrowth from a piece of 
t is s u e  and the morphological d e ta ils  of the outgrowing c e l ls .
Since the method i s  described in  d e ta il  in the techn ical 
appendix ( p .294), only an ou tline  w ill be given here. Fragments 
o f t is su e  approximately 2 ram. in  diameter are fixed to  a coverslip  
by a plasma c lo t composed of chick embryo ex trac t and chick plasma. 
The coverslip  i s  placed in  a te s t- tu b e  containing medium and 
incubated a t 37°C in  the horizonta l p o s itio n . The media 
u t i l i s e d  include SM 199, and lactalbumin hydrolysate with various 
concentrations of human serum and chick embryo e x tra c t. The 
d e ta i l s  are given in  tab le  XIV ( p .188). The tissu e s  cu ltu red  
include human, mouse and chick skin, and a number of human skin 
tumours. The d e ta ils  and numbers of each type are given in 
tab le  XV ( p .189) .
R esu lts : As i s  shown in  tab le  XV growth by th is  method i s  poor.
The explant o f human adult skin remains unchanged fo r the f i r s t
12 hours. Subsequently in  the cu ltu res c la s s if ie d  as showing good
growth, small groups of c e lls  extend out from the explant and
g en era lly  extend over the whole of the coverslip  in  3—4 days. The
c e l ls  are mainly f ib ro b la s ts  (figu re  57, P-242) but in  a few cu ltu res
small groups of e p ith e lia l—lik e  c e lls  are found (fig u res  5^"’59» PP* 
243, 244).
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Unlike the f ib ro b la s ts  they form broad sheets of c e l ls .  They 
have la rg e  n u c le i with d is t in c t  nuclear membranes and frequen tly  
prominent nucleoli*  M itotic figu res are a prominent fea tu re .
The cytoplasm i s  eosinophilic  and homogeneous. In te rc e l lu la r  
b ridges are not seen and sex chromatin i s  not id e n tif ia b le . In 
sh o rt, the c e l ls  do have a resemblance to those of squamous 
ep ithelium . When they degenerate they do so by a process s im ilar 
to  th a t  followed by the f ib ro b la s ts . They become detached from 
the g la s s , are rounded and th e ir  cytoplasm appears more eosino­
p h i l ic  and often  contains small fa t- l ik e  d rop le ts . The c e ll 
membrane rup tu res  and only nuclear debris remains. At no stage 
o f the process i s  there any morphological evidence of k e ra tin  
form ation (fig u re  60 , p. 241?)•
Growth was considered to be good in  only 2 cu ltu res  of human 
ad u lt sk in . Both were subcultured on 10 fresh  coverslips a f te r  
s ix  days growth and subsequently a t weekly in te rv a ls  (figu re  61, 
p.24^* The c e l ls  began to lose th e ir  previous ra th e r  d is tin c tiv e  
method o f growth a f te r  the f i r s t  tran sp lan t. They also became 
elongated and the nuclei became la rg e r and more v esicu la r. Within 
3 subcultures they had assumed term inal cohesiorf’and acquired the 
morphological fea tu res  of f ib ro b la s ts . By the f i f t h  transp lan t 
they grew re a d ily  on g lass  and on morphological grounds were 
completely ind istinguishab le  from established  s tra in s  of fib ro ­
b la s ts  which were being carried  in  the laboratory  a t the same time 
(f ig u re  62, p .247)*
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The s tu d ies  with fo e ta l skin of animal o rig in  were most 
s a tis fa c to ry  from the aspect o f c e ll outgrowth. The outgrowths 
consis ted  o f a mixture of f ib ro b la s ts  and c e lls  which showed 
e p ith e lio id  fe a tu re s . When these outgrowths were subcultured, 
however the end re su lt  was the same. Growth became luxurien t and 
the c u ltu re s  were rap id ly  overgrown by f ib ro b la s ts . Even those 
c u ltu re s  which appeared, in i t i a l ly ,  to be pure growths o f e p ith e lio id  
c e l l s ,  completely a lte red  th e ir  morphological fea tu res  and mode of 
growth and were again indistinguishable from fib ro b la s ts  w ithin 
2-3 genera tions. Growth of the human skin lesions was spasmodic 
and even in  the  few outgrowths which i t  was possible to subculture 
th ere  was rap id  a l te ra tio n  to the morphology ty p ica l of f ib ro b la s ts . 
None o f the cu ltu re s  showed a t any stage any morphological evidence 
o f k e ra tin  form ation. Therefore, there seemed to be good 
practic& l and th e o re tic a l reasons fo r abandoning th is  in te re s tin g  
b u t, fo r  the present purpose, re la tiv e ly  unrewarding approach. 
Attempts were made to es tab lish  organ cu ltu res of skin. These 
w ill  be described in  the following section .
-  114 -
ORGAN CULTURE OF SKIN AND OTHER EPITHELIAL TISSUES
A. THE DEVELOPMENT OF THE METHOD
In te re s t  in  th i s  type of cu ltu re  i s  d irec ted  towards the 
behaviour o f the  explant and not the outgrowth of c e l ls  derived 
from i t .  Conditions accordingly, are adjusted to provide sustained 
surv ival o f the tis s u e  with a minimal outgrowth o f c e l ls .  In the 
p resen t in v e stig a tio n  organised growth with d if fe re n tia t io n  of tissu e  
to form k e ra tin  was sought.
The method adopted i s  described in  fu ll  in  the technical 
appendix ( p .294) but as i t  i s  of considerable importance to the 
sub jec t under study, a b r ie f  survey of i t s  development w ill be 
given.
Organ cu ltu re  as i t  i s  employed today, o rig ina ted  in  the 
Strangeways Laboratory, Cambridge, o r ig in a lly  under the d ire c tio n  
o f Strangeways ( Strangeways & P e ll , 1926j ,  and pursued subsequently 
by P e ll and her a sso c ia tes , who have studied the behaviour of 
limb rudiments and various embryonic t is s u e s , including chick skin 
in  cu ltu re  (F e ll 1951, 1953). Their technique i s  to place small 
p ieces o f t is s u e  in  a plasma c lo t in  a watch g lass  which i s  
surrounded by a moist chamber. While they have obtained excellen t 
r e s u l ts  w ith th is  method, i t  has ce rta in  disadvantages. I t  was 
found in  prelim inary experiments, th a t the tis su e  i s  surrounded by 
an outgrowth of f ib ro b la s ts  which tends to liquefy  the c lo t and as
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a r e s u l t  the tis su e  sinks to the bottom o f the d ish . Likewise 
the sem i-sol id  nature of the medium renders i t  d i f f ic u l t  to add 
reagents to  i t  and to  be ce rta in  th a t they reach the cu ltu red  t is s u e . 
A fu r th e r  disadvantage i s  th a t f l a t  t is su e s , such as skin , tend to 
become everted  and form cysts , thus in te rfe r in g  w ith normal 
development. The numbers and types of prelim inary cu ltu re s  se t up 
by th is  method are given in  tab le  XVI, (p .190).
In  an attempt to u t i l i s e  a f lu id  medium which o ffe rs  many 
advantages, various devices have been used to support the t is s u e s . 
They included tantalum f o i l  and s ta in le s s  s te e l (Trowell, 1959) 
len s  paper which flo a ted  in  the medium (Chen, 1954)* The above 
procedures were t r ie d  and none proved to  be completely s a tis fa c to ry . 
The use o f sponge in  c e ll  culture has been described by Leighton 
(1951). His method was designed fo r  the outgrowth of c e l ls  
and not su itab le  fo r the present study. I t  did show however, 
th a t ce llu lo se  ace ta te  sponge did not in terfere- with the growth of 
c e l l s .
A fter considerable prelim inary work the following method was 
found to  permit the organised growth of tissu e  with the use of 
simple inexpensive equipment. While requ iring  some technical 
s k i l l  and d e x te rity , the method i s  e s se n tia lly  simple and 
reproducible re su lts  are read ily  obtained*
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B. METHOD
Technical d e ta i ls  are g iv e n  in  the appendix (p .295). Pieces 
o f  t is s u e  2-4 nun. square are d issected  under the x 10 m agnification 
o f a d issec tin g  microscope and placed on a s tr ip  of lens paper 
which r e s t s  on a block of cellu lose ace ta te  sponge in  a f l a t -  
bottomed watch g la ss . Medium i s  added to the watch g lass  and fed 
to  the lower p a r ts  of the tissu e  by the lens paper which ac ts  as a 
wick, ( fig u re  63, p. 24#)• To reduce lo ss  of f lu id  by evaporation 
and a s s i s t  in  the maintenance of the gaseous phase, the cu ltu re
\
dashes are placed in  a sp ec ia lly  designed 'Perspex' container
y
(fig u re  64 , p. 249) , which i s  flushed twice d a ily  with %  CO^  in  
oxygen. The cu ltu res  are incubated a t 37°C and the medium changed 
a t  in te rv a ls  as described in  the te x t.
C. CULTURE MEDIA
Considerable prelim inary work was also necessary to  e s ta b lish  
the most su itab le  type of medium. A l i s t  o f the various media 
t r ie d  i n i t i a l l y  i s  given in  tab le  XVII (p. 191). The various tis su e s
cu ltu red  are also given in  tab le  XVIII (p . 192). I t  was found th a t
sy n th e tic  chemical media were adequate fo r the production o f 
k e ra tin  from squamous epithelium . The addition of serum and 
embryo e x tra c ts  produced active growth of u n d iffe ren tia ted  c e lls  
which did not form k e ra tin . Such a medium SM 199 (Morgan, e t  a l .
195^) was av ailab le  commercially and was used ro u tin e ly  th e re a fte r .
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I t s  composition i s  given in  tab le  XIX (p. 193).
D. EPITHELIAL TISSUES STUDIED
As w ill  be described la te r ,  th is  method supports the in  v itro  
form ation o f k e ra tin  by various types of epithelium . These include 
fo e ta l and adu lt human skin, fo e ta l mouse skin, in fa n ti le  and adu lt 
mouse vagina. The to ta l  numbers of cu ltu res  of each type of tissu e  
are given in  tab le  XX (p.194)* Substances which might be expected 
to  a f fe c t  the process of k e ra tin isa tio n  have also been incorporated 
in  the media. These include vitamin A, squalene, o estrad io l and 
o ther s te ro id s . D eta ils  of the amounts of the substances added 
and of c u ltu re s  in  each group are given in  tab le s  XXI-XXV (p p .195-199)• 
The morphology and histochem istry of the process in  each type of 
epithelium  i s  described in  a separate section . To avoid unnecessary 
re p e t i t io n , the process in  human fo e ta l and adult skin w ill be 
described  in  some d e ta il  but in  the subsequent sections d ea lt with 
more b r ie f ly  except where i t  d if fe rs  from the findings in  the human 
m a te ria l.
-  118 -
ORGAN CULTURE OF HUMAN FOETAL SKIN
A. MATERIAL
Through the co-operation of Dr. D. Macintosh a portion  of 
skin 1 x 1 .5  cm. was received from the back o f a v iab le  13 week human 
fo e tu s . Cultures were se t up by the standard method w ithin two 
hours of the hysterotomy. The numbers o f cu ltu re s  in  each group 
are d e ta ile d  in  tab le  XXI (p . 195)*
B. RESULTS
Normal H istology: As shown in  figure  65 (p.25Q) a t 13 weeks human
skin co n s is ts  of an oedematous dermis in  which there are th in  walled 
blood v esse ls  and f ib ro b la s ts . I t  i s  covered by an epidermis 
which co n s is ts  of a basal S. germinativum composed of a sing le  layer 
o f cuboidal c e l ls  and a S. intermedium of 2-3 layers of large 
vacuolated c e l ls  with re la t iv e ly  small, generally  eccen tric  n u cle i. 
These c e l ls  contain abundant glycogen. S u p erfic ia lly  there i s  a 
th in  la y e r  o f periderm consisting  of f la tten e d  eosinophilic  c e l ls .  
There i s  no reac tio n  in  any lay e r fo r e i th e r  sulphydryl or 
d isu lph ide .
Cultures in  medium 199 alone? A fter 24 hours in  cu ltu re  few 
changes are seen. The dermis i s  more oedematous and c e l lu la r .  In
the epidermis the changes are also s lig h t.  The S. germinativum is  
no longer reg u la r and i t s  c e lls  are t a l l e r .  The S. intermedium now
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co n s is ts  o f  >*4 lay e rs  o f c e l ls  in  which the cytoplasm i s  more 
oedematous and the n u cle i sm aller and now c en tra l.
By 48 hours, while the dermis i s  r e la t iv e ly  unchanged, the 
epiderm is hears a d is t in c t  resemblance to  th a t of adu lt t is s u e s .
I t  comprises a prominent basal lay e r o f t a l l  colunnar c e l ls  with 
large  c e n tra l n u c le i. A moderate number of m ito tic  fig u res  i s  
p resen t. The S. intermedium now co n sis ts  o f 4-5 lay ers  o f c e l ls .  
Immediately above the basal c e ll  lay e r the c e l ls  are cuboidal, but 
as they approach the surface they become more f la tten e d  and the 
outermost lay er i s  d is t in c t ly  ovoid. The cytoplasm i s  now fa in tly  
eosinoph ilic  but s t i l l  unreactive fo r  sulphydryl. The nucle i are 
s t i l l  r e la t iv e ly  la rg e , cen tra l and b aso p h ilic . M itotic fig u res  
are very infrequent and n u cleo li are not seen. S u p e rfic ia lly  the 
periderm, which i s  swollen and becoming detached from the under­
ly ing  S. intermedium, contains a few pyknotic n u c le i. Kerato— 
hyalin  granules are not seen and there i s  no morphological evidence 
o f k e ra tin is a tio n .
At 4 days there i s  a d is t in c t  resemblance to  adult epidermis. 
The basal c e ll  lay e r now consis ts  of a single layer of densely 
packed t a l l  columnar c e l ls .  They contain a moderate amount o f ENA 
but are  unreactive fo r glycogen, sulphydryl or d isu lphide. The 
c e l ls  o f the S. intermedium which are now sim ilar in  appearance to 
adu lt squamous c e l ls ,  contain a moderate amount of glycogen and are
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f a in t ly  re ac tiv e  fo r sulphydryl. S u p erfic ia lly  there i s  now a 
f a i r l y  dense hand of eosinophilic  m aterial which i s  r e f r a c t i le  and 
has the  t in c to r ia l  c h a ra c te r is tic s  of k e ra tin . I t  i s  moderately 
re a c tiv e  fo r  sulphydryl and gives a fa in t  reac tio n  fo r d isu lph ide. 
In  p laces the periderm has been completely lo s t  but elsewhere i t  i s  
s t i l l  lo o se ly  attached to th is  k e ra tin -lik e  m ateria l.
By 8 days in  th is  medium the skin i s  almost ind istingu ishab le  
from normal mature adu lt epithelium  (figu re  66 , p. 250). The 
dermis shows no notable changes from those in  the second day 
c u ltu re s . There are no in te rp a p illa ry  processes but the dermo- 
epidermal boundary i s  sharply defined by a single lay er o f cuboidal 
c e l l s .  Above, there are 3-4 layers of ty p ica l squamous c e l ls .  
S u p e rfic ia lly  there i s  a th in  well formed k e ra tin  lay er in  which
there  are iso la te d  areas of parakeratosis (figu re  67 , p. 251)•
K eratohyalin granules are not a prominent fea ture  and there  i s  no
d is t in c t  S. granulosum. Histochemically the k e ra tin  layer i s
s im ila r  to th a t  in  adult skin except fo r  a s lig h tly  higher lev e l 
o f  sulphydryl and le s s  demonstrable d isu lphide. There i s  also 
some broadening of the sulphydryl r ic h  tra n s it io n  zone between 
the squamous and k e ra tin  lay e rs .
CiiHai'nag i-p medium 199 with o e s trad io lt At no stage i s  there any 
s ig n if ic a n t morphological or histochemical d ifference between these 
cu ltu re s  and those in  the control medium. The process, however,
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i s  more rap id , i . e . ,  the end-point of k e ra tin  formation i s  achieved 
e a r l i e r .
Thus, although ind istinguishab le  a f te r  2 days from the control 
p rep ara tio n s , these cu ltu res  by 4 days resemble the stage reached 
by the co n tro ls  a f te r  8 days in  cu ltu re . A d is t in c t  lay e r of 
k e ra tin  i s  present and i s  covered, in  p laces, by the remains of the 
periderm . Although there  are a few pyknotic nuclei there  i s  no 
evidence o f keratohyalin  granules. By the eighth day the cu ltu res  
show e a r ly  degenerative changes, p a r tic u la r ly  in  the dermis. In 
the epiderm is which i s  now poorly demarcated from the dermis, the 
basal c e l l s  are vacuolated and the squamous c e l ls  are sm aller.
Their n u c le i show some ir re g u la r i ty  in  size and shape. The cyto­
plasm o f many c e l ls  i s  now vacuolated and some contain eosinophilic  
d ro p le ts  which have the morphological fea tu res  of k e ra tin . 
D yskeratotic c e l ls  are numerous throughout the squamous lay er and 
s u p e rf ic ia lly  there  i s  a loosely  attached lay e r of densely s ta in ing  
k e ra tin .
C ultures in  Medium 199 with Vitamin A; Compared with those in  
Trm alone, the changes in  medium with added vitamin are 
s tr ik in g . Apart from s lig h t oedema of the deimis there are no 
s ig n if ic a n t changes a f te r  24 hours. Thereafter consisten t changes 
develop. The deimis gradually  becomes more eosinophilic  and 
h igh ly  c e l lu la r .  Many of the c e l ls  appear to be young fib ro—
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b la s ts  but o th ers  are sm aller and resemble immature lymphocytes.
By 4 days the  epidermis has become th ick er, comprising 4-5 c e ll 
la y e rs . The basal c e ll  layer i s  now irre g u la r  and co n sis ts  of
2-3  lay e rs  o f cuboidal c e l ls  with scanty eosinophilic  cytoplasm and 
r e la t iv e ly  small cen tra l darkly s ta in ing  nucle i. A few c e l ls  are 
in  m ito sis . These c e l ls  are moderately reac tive  fo r  HNA, but 
contain  scanty glycogen and no sulphydryl or d isu lphide. The
more su p e rf ic ia l of these apparently ac tiv e ly  p ro life ra tin g  "basal11 
type c e l ls  have s lig h tly  more cytoplasm which i s  more deeply 
eosinoph ilic  and contain more glycogen. They are covered by 2-3 
lay e rs  o f c e l ls  of squamous appearances, which contain le s s  HNA, 
more glycogen and are f a in tly  reactive  fo r  sulphydryl. At 8 days 
both these layers  are increased in  thickness* The more su p e rfic ia l 
contain  some keratohyalin  granules and they are covered by a single 
lay e r o f f la tte n e d  c e lls  (figure  68, p. 252). These c e l ls  are 
eo sin o p h ilic  and give a s lig h tly  more in tense reac tion  fo r 
sulphydryl. They are however, not r e f r a c t i le  and unreactive fo r 
d isu lph ide .
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C. SUMMARY
Human skin from a 13 week foetus develops in  syn thetic  medium 
199 from i t s  p rim itive struc tu re  to m ultilayered s t r a t i f ie d  
squamous epithelium  with the formation of k e ra tin . This i s  
complete w ith in  8 days. There are no morphological or h is to -  
chemical fe a tu re s  which d istingu ish  the process from th a t  seen in  
normal human skin, apart from a broadening of the tra n s it io n  zone 
between the squamous and k e ra tin  lay e rs . This i s  demonstrable by 
the increased s ta in ing  fo r sulphydryl in  the upper squamous layer 
and the r e la t iv e ly  s lig h t decrease in  concentration in  the k e ra tin  
la y e r . This corresponds with the appearance of demonstrable 
d isu lp h id e . Cultures se t up in medium containing 50 [ig. of 
o e s tra d io l reach the same degree of development in  4 days instead  
o f 8. Otherwise the process i s  e s se n tia lly  sim ilar as regards 
morphology and histochem istry. Culture in  medium containing 500 pg. 
vitam in A show p ro life ra tio n  of the basal c e lls  but no d e fin ite  
evidence of k e ra tin isa tio n  although by 8 days there i s  a th in  super­
f i c i a l  lay e r  of p a r t ia l ly  k era tin ised  c e l ls .  In  these cu ltu res  
there  i s  some accumulation of glycogen but l i t t l e  sulphydryl and a 
complete absence of d isulphide.
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ORGAN CULTURE OF HUMAN ADUIfl? SFfTN
A. MATERIAL
Excess sk in , removed in the P la s tic  Surgery Unit fo r  g ra ftin g  
purposes, was used. I t  was generally  taken from the lower abdomen 
or a n te r io r  aspect of the thigh. There was no s ig n if ic a n t d ifference 
in  the  h isto lo g y  of the various specimens received. The appearance 
of such a specimen i s  shown in  figure 69 (p. 253). I t  co n sis ts  of 
whole th ickness, i . e . ,  epidermis and a portion of the upper dermis.
The histochem ical findings are as described in Part I  (p . 15 ) .
The number o f cu ltu res  in  each group and the amounts of the various 
substances added to  the medium are given in tab le  XXII (p. 19b).
B. RESULTS
C ultures in  medium 199 alone: Apart from complete desquamation
o f the su p e rf ic ia l layer of k e ra tin , the changes a f te r  24 hours 
in  cu ltu re  are r e la t iv e ly  s lig h t. The basal c e ll lay e r i s  s t i l l  
reg u la r but a few c e l ls  are vacuolated. The squamous c e l ls  are 
now le s s  c lo se ly  packed and again a few of these are vacuolated.
In  the  more su p e rfic ia l layers an occasional c e ll shows increased 
cytoplasmic eosinophilia . This i s  associated with a s lig h tly  
increased  reac tion  fo r sulphydryl. The S. granulosum i s  no 
longer present as a d is tin c t layer and i t s  place is  now occupied by 
a f a i r l y  dense band of eosinophilic kera tin—lik e  m ateria l.
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A fter 2 days more s tr ik in g  changes are present. The basal 
la y e r  i s  ir re g u la r  and the lower part of the epidermis consis ts
3-4 lay e rs  o f large ovoid or spindle-shaped c e lls  which have 
b aso p h ilic  g ranu lar cytoplasm. The nuclei are s t i l l  "squamous” 
in  type and o ften  contain eosinophilic n u cleo li. The c e l ls  appear 
lo o se ly  attached  to each other and in  places there is  separation 
o f the epidermis from the underlying tis su e s  (figure  TO, p .254). 
These c e l ls  which contain scanty ENA and glycogen are s lig h tly  
re a c tiv e  fo r  sulphydryl. More su p erfic ia lly  there is  a f a i r ly  
sharp t ra n s i t io n  to a zone where the c e lls  have become rounded and 
where th e i r  n u cle i shrink rap id ly  and become densely basophilic .
At the upper surface the c e lls  often have no nuclei and are loosely  
attached  to each o ther and to the su p erfic ia l strands of deeply 
eo sin o p h ilic  k e ra tin  which cover the lesio n . As the surface i s  
approached th is  zone shows a gradual increase in  the amount of 
sulphydryl and the appearance of a reaction  fo r disulphide.
At 4 days the process i s  an extension of th a t described above. 
The lower epidermis comprises a 2—4 ce ll layer of elongated c e lls  
w ith la rg e  v esicu la r nuclei and in  which there are a moderate number 
o f m ito tic  f ig u re s . Above these c e lls  there is  a loosely  attached 
zone which i s  composed la rg e ly  of parakerato tic  c e lls  and which 
g ives a moderate reaction  fo r sulphydryl and a fa in t reaction  fo r 
d isu lph ide . S u p erfic ia lly  there are laminated strands of deeply
eo s in o p h ilic  k e ra tin . Keratohyalin granules are not present
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( f ig u re  71 , p. 255 ) .
At 6 days the appearances are only s lig h tly  d iffe re n t from 
those described above* The c e lls  a t the base o f the epidermis 
now more c lo se ly  resemble f ib ro b la s ts . Above them there i s  a 
f a i r l y  th ick  lay er of apparently more fu lly  developed k e ra tin  in  
which there  are fewer parakerato tic  c e l ls .  In th is  zone the 
reac tio n  fo r  disulphide is  now more intense and th a t fo r sulphydryl 
decreased. The absence of keratohyalin granules i s  a notable 
fea tu re  (fig u re  72 , p. 255)»
C ultures in  medium 199 with o e s tra d io l: In  general, as with the
fo e ta l sk in , there  are no s ig n ifican t d ifferences in  the various 
morphological stages which the cu ltu res undergo, and the common 
end-point i s  th a t of complete conversion of the ex is tin g  squamous 
la y e r  to  k e ra tin . The process, however, again appears to  be 
acce le ra ted , although th is  i s  not so pronounced. Thus a t 24 hours 
the cu ltu re s  show l i t t l e  change. In the highest concentration of 
oestrogen (50  pg/ml. of medium) the squamous c e lls  are ra th e r  more 
swollen than in  the other concentrations or the control preparations 
a t  the same period. Otherwise there are no detectable d ifferences 
between the various concentrations employed.
The changes found a t 4 days in  the control media are well 
e s ta b lish ed  in  a l l  concentrations by 2 days (figu re  73, P* 256). 
T h ereafter the changes are sim ilar and the end point of complete 
d e v ita lis a tio n  o f the squamous ce ll layer is  complete by 6 days
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(f ig u re  74, P*256). There i s  of course, active p ro life ra tio n  a t 
the dermo-epidermal junction of large spindle shaped "ep ith e lio id  
c e l ls " .  Only two s lig h t d ifferences are noted with any degree of 
re g u la r i ty .  (1) The k era tin  formed appears to be much more 
dense and co n s is ts  of a so lid  mass of uniformly eosinophilic 
m a te r ia l. ( 2) P arakerato tic  c e lls  are more numerous and occur 
in  groups, e sp ec ia lly  in  the mouths of h a ir  f o l l ic le s  and a t the 
edges o f the cu ltu re  (figure 75, p .257) .
C ultures in  medium 199 with vitamin At The findings in  the cu ltu res  
w ith added vitamin are also le s s  s tr ik in g  than those found in the
cu ltu re s  o f fo e ta l skin. A fter 24 hours a l l  the cu ltu res  are
e s s e n tia l ly  s im ilar and show no remarkable d ifference when 
compared with normal skin, with the exception of the highest 
concen tration , (1000 pg/ml. of medium). Here, c le f t - l ik e  spaces 
form and separate the dermis and epidermis. Within 2 days the 
epidermis i s  generally  completely shed and the remaining epithelium  
c o n s is ts  o f a double layer of small darkly s ta in ing  c e lls  of basal 
c e ll  type. These c e lls  remain v ir tu a lly  unchanged even a f te r  8 days
in  c u ltu re . They show no evidence of m ito tic  a c tiv ity .
The changes in  the other concentrations are e s se n tia lly  s im ilar. 
Thus, by 2 days there i s  s lig h t patchy separation a t the dermo- 
epidermal junction . Elsewhere there i s  some s lig h t "basal" ce ll 
p ro life ra tio n . This i s  more pronounced by 4 days but the lower
squamous lay e r i s  unchanged (figure 76,  p. 258). The upper two
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squamous lay e rs , however, now form a sy n cy tia l-lik e  mass in  which 
th ere  are small pyknotic n u c le i. This zone forms a band of 
m oderately in tense s ta in ing  fo r sulphydryl. This keratinr-like 
m ateria l merges in to  the more eosinophilic and dense su p e rfic ia l 
pre-form ed k e ra tin  lay e r, which in these cu ltu res does not 
desquamate. By 6 days the features are la rg e ly  sim ilar to those 
in  the contro l medium but some c e lls  are now vacuolated (figu re  77 , 
P. 258) and the amount of k era tin  formed not so abundant. Kerato- 
hyalin  granules are not a prominent fea ture  although in  places 
iso la te d  co llec tio n s  occur (figure 78 , p. 259)» By 8 days the 
cu ltu re s  are ind istinguishab le  from those in medium 199 alone. 
C ultures in  medium 199 with oestrad io l and vitamin A: no
morphological or histochemical d ifferences can be detected between 
these cu ltu re s  and those which contain oestrad io l alone.
Cultures in medium 199 with dehydroisoandrosterone: At no
stage are there any morphological or histochemical differences 
between these cultures and those set up in medium containing 
oestrad io l. Therefore, compared with the controls they show no 
essen tia l differences in the stages through which they proceed to 
f in a l keratin isation . There i s  however, acceleration of the whole 
process.
Cultures in medium 1QQ with saualene: Complete separation of the
epidermis from the dermis occurs in the two highest concentrations
(1000 and 100 pg/ml. of medium). In the other two concentrations
-  129 -
th ere  i s  some increase in  thickness of the squamous ce ll layer 
and some ""basal c e ll"  p ro life ra tio n . Compared with the con tro ls 
there  i s  s l ig h t  re ta rd a tio n  of the process of k e ra tin isa tio n .
By 6 days however, the process i s  indistinguishable from th a t in  
the c o n tro ls .
C. SUMMARY
Human adu lt skin cultured in synthetic medium 199 alone 
continues to form k e ra tin . The g rea te r p art of the squamous ce ll 
la y e r  i s  converted in to  k e ra tin  w ithin 4 days. The basal c e lls  
are rep laced  by ac tiv e ly  p ro life ra tin g  c e lls  of squamous type.
H istochem ically the process i s  associated with a decrease in the 
amount of glycogen and sulphydryl. The l a t t e r  diminishes as 
k e ra tin is a tio n  proceeds with a corresponding appearance of 
d isu lph ide . A s im ilar process takes place in  cu ltu res which 
contain  5O-O.O5 |ig ,/m l. of oestrad io l or dehydroisoandrosterone.
I t  i s  however, accelerated and the same stages in  the process are 
reached in  approximately h a lf  the time taken by the control 
c u ltu re s . Cultures to which are added 100—1 pg./m l. of vitamin 
A show very s lig h t re ta rd a tio n  in  the formation of k e ra tin . There 
i s  a lso  some p ro life ra tio n  of basal c e lls .  Cultures which contain 
10 and 1 pg./m l. of squalene also show some re ta rd a tio n  of the 
process. Cultures which contain both oestrad io l in  concentrations 
ranging from 5O-O.O5 pg./m l. and 50 pg*/ml. of vitamin A ace ta te , 
show no d ifference when compared with those containing sim ilar
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concen tra tions o f o estrad io l alone.
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ORGAN CULTURE OP EQETAL MOUSE SKTN
A. MATERIAL
Embryos were obtained by breeding stock white mice of 
indeterm inate o r ig in . The animals were k ille d  by e ther and the 
u te ru s  removed with asep tic  precautions. The embryos were washed 
in  medium 199 and p ieces of skin measuring 6 x 4mm. removed from 
th e i r  backs. A fter removal of the subcutaneous f a t ,  2 mm. squares 
were cu ltu red  by the standard method. The numbers of cu ltu res in  
each group and the amount of the various substances added to the 
medium are given in  tab le  XXIII (p. 19'/)*
B. RESULTS
Normal H istology: The development and structure  of fo e ta l mouse
skin resem bles human tissu e  in many aspects. Thus, a t 12 days 
the epiderm is co n sis ts  of a basal layer of re la tiv e ly  large t a l l  
cuboidal c e l ls  with large  central deeply basophilic nuclei (S. 
germinativum). Above th is  there are 2-3 layers of large oval c e lls  
in  which there  are sim ilar nuclei and abundant pale eosinophilic 
cytoplasm. These c e lls  contain abundant glycogen, (S. intermedium). 
S u p e rfic ia lly  there is  the periderm in which there are pyknotic 
n u c le i, (fig u re  79, p.260). By about the 15th day i t  has become 
prominent and more eosinophilic . The S. intermedium has increased 
to  4 -5  c e l l  lay e rs  in  thickness and is  now d is t in c tly  squamous in  
type. These c e l ls  contain le s s  glycogen and are now xa in tly
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re ac tiv e  fo r  d isu lph ide. S u p erfic ia lly  a few keratohyalin
granules are p resen t. By the 18th day the periderm has almost 
com pletely disappeared and forms a th in  layer on top of a hroad 
zone o f well formed k e ra tin . The S. intermedium i s  now composed 
o f ty p ic a l squamous c e l ls ,  and a broad S. granulosum i s  now present 
(fig u re  80, p .260). The basal c e ll layer i s  irre g u la r  and poorly 
demarcated from the underlying dermis.
Erom the above b r ie f  descrip tion  i t  emerges th a t k e ra tin isa tio n  
o f fo e ta l  mouse skin i s  well estab lished  by the 18th day. Therefore 
the cu ltu re s  of th is  tissu e  w ill be considered in  two groups;
( i )  cu ltu re s  from embryos of th is  age or o lder, i . e . ,  a group 
where k e ra tin  i s  already formed and ( i i )  cu ltu res from younger 
embryos, genera lly  12 day, where k e ra tin  i s  not already present.
( i )  Culture of k era tin ised  skin
C ultures o f k e ra tin ised  skin in  medium 199 alone: No notable
changes appear u n ti l  2 days. By then the k e ra tin  layer i s  looser 
and la rg e ly  detached. The S. granulosum i s  le ss  regu lar and 
th in n er in  p laces. In  the squamous lay er the c e lls  are la rg e r  
and the  basal c e lls  also la rg e r  and more squamous in  appearance 
(fig u re  81, p . 26^. At the edge of the cu lture these c e lls  become 
elongated qud grow along the undersurface (figure 8 2 ,  p. 262) .
They are moderately r ic h  in  glycogen but almost completely 
unreactive fo r sulphydryl. A fter 4 days in culture the pre­
formed k e ra tin  i s  detached and the surface i s  formed by a th in
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la y e r  o f  more densely eosinophilic k e ra tin  which is  moderately 
re a c tiv e  fo r  sulphydryl and gives a fa in t  reaction  fo r disulphide.
The squamous c e l ls  which are la rg e r and show some pleomorphism now 
almost com pletely surround the specimen (figure 83 , p. 263 ) ,
By 6 days there  i s  a la rg e ly  necro tic  dermis surrounded by 4-5 
lay e rs  o f squamous c e lls  which are again more pleomorphic and show 
moderate m ito tic  a c tiv i ty .  They contain abundant glycogen and 
are almost completely unreactive fo r sulphydryl. More su p e rf ic ia lly  
they  merge in to  an eosinophilic  syncytium in  which there are numerous 
nuclear fragments (figu re  84, p. 264). This zone gives a f a i r ly  
in tense  reac tio n  fo r sulphydryl and a fa in t  reaction  fo r disulphide. 
By 8 days the whole specimen is  la rg e ly  in f i l t r a te d  by ac tiv e ly  
growing c e l ls  which although pleomorphic are s t i l l  squamous in  type. 
S u p e rfic ia lly  there are loosely  attached fragments of kera tin  
(fig u re  85 , p. 264) .
C ultures of k e ra tin ised  skin in  medium 199 with o es trad io l: The
h ighest concentration (50  consisten tly  produces degenerative
changes w ith in  24 hours and subsequently complete separation of the 
epiderm is. In  the other concentrations there are no essen tia l 
d iffe ren ces  between these cu ltu res and the controls although there 
i s  an acce le ra tio n  of the process. Thus by 2 days the pre—formed 
k e ra tin  la y e r  i s  la rg e ly  detached (figure 86 , p .265) snd. the squamous 
c e l ls  are la rg e r  and extend in to  the underlying dermis (figure 87 ,
p . 266). By 4 days there is  a wide layer of densely eosinophilic
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k e ra tin  in  which there  i s  considerable sulphydryl but only an 
extrem ely f a in t  reac tio n  fo r disulphide. Thereafter the cu ltu res  
are  in d istin g u ish ab le  from those in  medium 199 alone.
C ultures of k e ra tin ised  skin in  medium 199 with dehydroisoandrosterone 
The two h ighest concentrations (50 and 5 |Jtg. /ml • 9 co n sis ten tly  
produce degenerative changes within 24 hours. In the o ther 
concen trations the findings are e sse n tia lly  sim ilar to those with 
o e s tra d io l, i . e .  there  i s  an acceleration  of k e ra tin isa tio n  but no 
a l te r a t io n  in  the various stages of the process.
C ultures of k e ra tin ise d  skin in  medium 199 with vitamin At The 
h ighest concentration of added vitamin (1000 |ig ./m l.) co n sis ten tly  
produces extensive separation of the epidermis which i s  complete 
w ith in  2 days. The findings in the other 3 concentrations are 
s imil a r  and d if f e r  l i t t l e  from the con tro ls. At 4 days the pre­
formed k e ra tin  i s  s t i l l  attached and beneath i t  there i s  a narrow 
zone o f much more dense m ateria l. This contains a higher con­
cen tra tio n  of sulphydryl and i s  le ss  reactive fo r disulphide. 
K eratohyalin granules are a prominent fea tu re . By 6 days the 
only d e tec tab le  d ifference in these cu ltu res i s  in  the kera tin  
lay e r  where the preformed kera tin  i s  s t i l l  attached to the undea>- 
ly ing  la y e r  which has been formed in culture .
C ultures o f k e ra tin ised  skin in medium 199 with oestrad io l and 
vitam in As There i s  re la tiv e ly  l i t t l e  a lte ra tio n  compared with the
c u ltu re s  in  o estrad io l alone, except th a t there i s  often rapid  and
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extensive separation  o f the epidermis in  the two highest concentrations
o f the s te ro id  (50  and 5 ng ./m l.).
( i i )  Culture o f non-keratin ised skin
C ultures o f non-keratin ised  skin in  medium 199 alone: A fter 1
day th e re  i s  considerable increase in  the c e llu la r ity  of the dermis*
The c e l l s  are almost a l l  fibroblasts#  The epidermis shows some 
separation  o f the periderm and increase in the thickness of the 
S. intermedium. By 2 days the epidermis i s  d is t in c tly  squamous, 
and the basal c e ll  layer i s  no longer composed of d is tin c tiv e  c e l ls .  
Demarcation between the epidermis and dermis i s  now in d is tin c t.
There i s  a prominent S. granulosum and a th in  layer of pale 
eo s in o p h ilic  k e ra tin  which reac ts  in tensely  fo r sulphydryl but i s  
un reactive  fo r disulphide. At 4 days the epidermis consists  of 
apparen tly  mature squamous epithelium which i s  covered by a th ick  
la y e r  o f laminated k e ra tin  (figure 88, p. 267). The squamous 
epithelium  i s  moderately reactive for sulphydryl and th is  reaction  
i s  more in tense  in  the k e ra tin  layer where there i s  also a fa in t 
reac tio n  fo r d isu lphide. By 6 days the dermis i s  la rg e ly  necro tic  
and completely surrounded by hyperplastic squamous epithelium in  
which the c e l ls  are pleomorphic and show considerable m ito tic  
a c t iv i ty .  S u p erfic ia lly  these c e lls  are vacuolated and merge 
in to  a broad zone of loose eosinophilic strands of k e ra tin . This 
zone i s  moderately reactive  fo r sulphydryl and th is  becomes le ss
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in ten se  as  the outermost layers are reached. This diminution in  
the in te n s i ty  o f s ta in in g  fo r sulphydryl i s  accompanied by a 
corresponding increase in  th a t fo r disulphide.
C ulture o f non-keratin ised  skin in  medium 199 with o es trad io l:
No appreciable d ifferences are noted between any of the 
concen tra tions apart from the highest (50 pg./m l), which frequently  
shows complete separation of the epidermis. The cu ltu res are 
s im ila r  to those in  medium 199 alone but s lig h t d ifferences are 
p re sen t. Thus a t 2 days the dermis i s  more c e llu la r . The 
th ickness o f the squamous layer is  unchanged but the basal c e lls  
s t i l l  r e ta in  th e i r  d is tin c tiv e  morphology. A few of the squamous 
c e l ls  are  vacuolated and the k era tin  layer i s  th icker, more deeply 
e o s in o p h ilic  and contains parakerato tic  nucle i. In th is  layer 
the concentration  of sulphydryl is  lower and th a t of disulphide 
h igher than  in  the control cultures in  medium alone. At 4 days 
the appearances are sim ilar to the contro ls. There i s ,  however, 
increased  c e l lu la r i ty  of the squamous layer in which many o f the 
c e l ls  are  pleomorphic. At 6 days they form f a i r ly  dense 
c o lle c tio n s  o f ac tiv e ly  growing c e lls  which surround the cu ltu res 
and extend in to  the dermis (figure 89, p. 267). The most super­
f i c i a l  la y e r  of well formed keratin  has been shed and the cu ltures 
are now covered by a broad zone of pale eosinophilic kera tin  in  
which th ere  are numerous parakeratotic c e lls . This zone is
m oderately reac tiv e  fo r sulphydryl and only fa in tly  so for
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d isu lp h id e .
C ultures o f  non-keratin ised  skin in  medium 199 with dehydroisoandro- 
s te ro n e ; The h ighest concentration (50 pg./m l.) produces 
degenerative changes and no fu rth e r development of the epidermis 
occurs. The find ings in  the o ther concentrations are e sse n tia lly  
s im ila r  to  those found w ith o estrad io l.
C ultu res o f non-keratin ised  skin in  medium 199 with vitamin A: At
2 days th ere  are s tr ik in g  d ifferences when the cu ltu res are 
compared w ith  the co n tro ls . The epidermis is  now 10-12 layers in  
th ick n ess . In  the lower layers the c e lls  are much smaller and are 
g en e ra lly  cuboidal. In the more su p erfic ia l layers they are 
la rg e r  and contain  a moderate amount of glycogen and are fa in tly  
re a c tiv e  fo r  sulphydryl. Although there are a moderate number of 
k e ra to h y a lin  granules, in  the more superfic ia l c e lls , there i s  no 
evidence o f k e ra tin is a tio n  a t th is  stage. At 4 days the c e lls  
are  le s s  c lo se ly  packed and are more d is t in c tly  squamous in  type. 
They contain  le s s  glycogen and more sulphydryl. An extremely 
th in  la y e r  of eosinophilic  kera tin—lik e  m aterial i s  present in  places 
( f ig u re  90, p.268J. At 6 days there i s  a well formed layer of 
k e ra tin  and the squamous lay er i s  reduced to a th in  zone of 
a c tiv e ly  p ro life ra tin g  spindle-shaped c e l ls .  There i s  widespread 
separa tion  and most of the basal c e lls  are pyknotic (figure 91, 
p . t 68) .
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C ultures o f non -keratin ised  skin in  medium 199 with squalene: The
3 h ighest concentrations o f squalene frequen tly  produce degenerative 
changes. The find ings in  the lowest concentration (1 pig./ml. J 
are e s s e n tia l ly  s im ila r to  those in  the cu ltu re s  with added 
vitam in A.
C ultures o f non-keratin ised  skin in  medium 199 with vitam in A and 
o e s tra d io l; Only degenerative changes are produced in  the two 
h ighest concentrations of s te ro id . In  the lowest (500 pig. of 
vitam in A p lus 0 .5  or 0.05 pig./ml. o f o e s trad io l; there  i s  some 
slowing of the process o f k e ra tin is a tio n . Thus a t  4 days the 
find ings are  s im ila r to  those in  medium 199 alone. By 6 days 
however, they are again sim ilar to those in  o estrad io l alone.
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C. SUMMARY
Two groups o f tis su e  have been studied , ( i )  skin from 
embryos o f lb  days g es ta tio n  in  which the k e ra tin  lay er i s  well 
formed and ( i i ;  from younger embryos in  which there i s  no pre­
formed k e ra tin . In  the k era tin ised  group the squamous lay er con­
tin u es  to  form k e ra tin  with the detachment of th a t already p resen t. 
New k e ra tin  i s  formed w ithin 4 days. The process i s  associated  
with an increased concentration of sulphydryl in  the tra n s it io n  zone 
which dim inishes in  the more su p erfic ia l layers  as the concentration 
o f d isu lphide increases. The addition of 5“°*05 pg./m l. of 
o es trad io l or dehydroisoandrosterone acce lera tes  but does not a l t e r  
the process. 100-1 pig./ml. vitamin A in  medium alone or in  medium 
with O.5-O .05  pig./ml. oestrad io l has l i t t l e  e ffec t on the cu ltu res  
in  th is  group. The changes in  the cu ltu res  without pre—formed 
k e ra tin  are more s tr ik in g . Within 2 days the epithelium  i s  
squamous in  type and by 4 days there i s  a well formed lay e r of 
k e ra tin  which i s  considerably increased by 6 days. The process 
i s  acce lera ted  by the addition  of 5”^*U5 pig»/ml. o estrad io l or 
dehydroisoandrosterone and retarded  by the addition of 1000—1 pig./ml. 
vitam in A or 1 pig./ml. squalene. The histochemical findings again 
show the  process to be associated  with a decrease in  demonstrable 
sulphydryl and an increase in  disulphide.
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ORGAN CULTURE OP INFANTILE MOUSE VASINA
A. MATERIAL
Vaginas were taken from stock white mice aged 3-7 days.
The bladder and u re th ra  were removed in  s itu  with the a id  o f a 
d isse c tin g  microscope. A fter washing in  medium 199 the u te rin e  
horns, cerv ix  and outer squamous portion were removed. The 
remaining vaginal tissu e  was s l i t  lon g itu d in a lly  and cut in to  5 
s t r ip s .  One piece was re ta ined  fo r h is to lo g ica l examination 
and the o thers se t up in  cu ltu re  by the standard method. The 
number o f cu ltu re s  in  each group and the amounts of the various 
substances added to the medium are given in  tab le  XXIV (p . 198)*
B. RESULTS
Normal h is to lo g y : Vaginas a t th is  stage comprise from without
inwards, ( i )  a f la tten e d  layer of large en d o th e lia l-lik e  c e lls ,
( i i )  a broad highly  c e llu la r  zone in  which there are th in-w alled 
blood v esse ls  and ( i i i )  the e p ith e lia l  layer. This consis ts  of 
2—3 lay e rs  of c lo se ly  packed large cuboidal cells*  The cyto­
plasm which i s  r e la t iv e ly  scanty, i s  eosinophilic  and granula r .
The n u c le i which are la rg e , cen tra l and basophilic often  contain 
n u c le o li. S u p erfic ia lly , there  is  a single lay er of f la tten ed  
c e l ls  (fig u re  92, P* 269).
Cultures in  medium 199 alone: A fter 24 hours the epithelium  i s  more
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sharply demarcated from the underlying tissues*  I t  now co n sis ts  
of 3 lay e rs  of low cuboidal c e l ls .  The su p e rf ic ia l f la tte n e d  layer 
has disappeared. A fter 2 days, while much of the epithelium  i s  
unchanged, there  are areas which are up to 10 c e ll lay e rs  in  
th ick n ess. The more su p e rfic ia l c e lls  are s t i l l  cuboidal but 
beneath them there  are la rge  c e lls  of squamous type. These 
contain  abundant RNA and glycogen but are unreactive fo r sulphydryl 
o r d isu lph ide . The basal lay er i s  now in d is t in c t  (fig u re  93, p.270). 
A fter 4 days in  cu ltu re  the epithelium  is  4-5 c e lls  th ick  and 
d is t in c t ly  squamous in  type (fig u re  94) p .271). In some areas 
there  i s  a th in  layer of well formed k e ra tin  and scanty k era to - 
hyalin  granules are present (figu re  95) p.272). By the 8th day 
the cu ltu re  i s  covered by a th ick  lay er of dense k e ra tin  in  which 
there  are p arak era to tic  c e l ls .  In places there are degenerate 
cuboidal c e l ls  s t i l l  attached (figu re  9&> P*272)« There is  a 
moderate reac tio n  fo r sulphydryl in  the squamous lay er which i s  
in te n s if ie d  in  the tra n s itio n  zone. A s lig h tly  le s s  in tense 
reac tio n  i s  present in  the k e ra tin  lay er where there i s  now a 
fa in t  reac tio n  fo r d isulphide.
Cultures in  medium 199 with o e s tra d io l: These cu ltu res again show
no s ig n if ic a n t or histochem ical fea tu res  when they are compared 
with the co n tro ls . There i s  however, accelera tion  of the process
o f k e ra tin is a tio n . Thus by the 4th day the epithelium , which i s
now ty p ic a lly  squamous, i s  covered by a d is t in c t  band of dense
- 142 -
a c e l lu la r  k e ra tin  (fig u re  97, p .273). At 6 and 8 days the
c u ltu re s  show merely a th ick er and more dense lay er of k e ra tin  
which shows a higher concentration of disulphide than the cu ltu re s  
in  medium alone.
C ultures in  medium 199 with te s to s te ro n e : At 2 days there  i s  s t i l l
no squamous d iffe re n tia t io n  of the cuboidal c e l ls .  They are , 
however, la rg e r  and contain abundant RNA and glycogen. There i s  
no reac tio n  fo r sulphydryl or d isu lphide. At 4 days the epithelium  
i s  th ic k e r  and generally  consis ts  of 6 lay ers . S u p erfic ia lly  
there  i s  a f la tte n e d  layer o f  c e l ls .  Beneath them the c e l ls  are 
cuboidal or oval. They have fa in tly  eosinophilic  granular 
cytoplasm and large  cen tra l n u c le i. The appearances suggest 
p a r t ia l  squamous development (figure  9&, p. 273). They contain 
scanty glycogen and le s s  KNA than the cuboidal c e l ls  but are also 
unreactive fo r sulphydryl or disulphide. By 6 days the whole 
e p i th e l ia l  lay e r i s  composed of sim ilar c e l ls .  In many c e l ls  
the cytoplasm i s  more eosinophilic  and fa in tly  reac tiv e  fo r 
sulphydryl. In  places there are scanty parakera to tic  c e lls  
(fig u re  99,  p. 274* By ® tiie epithelium  i s  d is t in c t ly
squamous in  type and in te rc e llu la r  bridges can be seen between some 
c e l l s .  The c e lls  now have scanty glycogen and MA but are now 
moderately reac tive  fo r sulphydryl1. S u p erfic ia lly  there i s  a 
th in  lay e r of k e ra tin  which contains le ss  sulphydryl and is
f a in t ly  reac tiv e  fo r disulphide.
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C ultures in  medium 199 with oestrad io l and te s to s te ro n e : In  the
h ighest concentration  of s te ro id  (50 pg./m l. of hoth oestrad io l 
and te s to s te ro n e ) the cu ltu res  rap id ly  become n ec ro tic . The o ther 
changes are e s se n tia l ly  sim ilar to those found with o estrad io l alone 
but the process i s  re ta rded . Thus a t 4 days the changes are 
s im ila r  to those seen a t 2 days in  medium with oestrad io l alone.
By 6 days, however, these two groups are ind istingu ishab le .
C ultures in  medium 199 with co rticosterone: The cu ltu res  remain
unchanged fo r  2 days. By 4 days the epithelium i s  4“ 5 c e ll  layers 
in  th ickness and s t i l l  composed of cuboidal c e l ls .  The super­
f i c i a l  c e l ls  are swollen and le ss  regu lar, and the lower c e lls  
show s lig h t  squamous d iffe re n tia tio n . By 6 days the epithelium  
i s  3-4 c e l ls  th ick  and d is t in c tly  squamous in type. There i s  
reduction  in  the amount of glycogen. The reaction  fo r sulphydryl 
i s  moderately in tense with denser s ta in ing  in  the tra n s itio n  zone#
By 8 days there i s  a th in  layer of k era tin  in  which the reac tion  
fo r  sulphydryl i s  s t i l l  intense and only s lig h tly  le s s  than th a t 
in  the underlying tra n s it io n  zone. I t  gives a fa in t reac tion  fo r 
d isu lp h id e .
C ultures in  medium 199 with vitamin At Cultures with the highest 
amount, o f added vitamin (1000 jig ./w l.) show degenerative changes with 
separation  o f the epithelium . In the other concentrations the 
epithelium  i s  unchanged a t 2 days. A fter 4 days i t  has increased
in  th ickness to  4-5 ce ll lay ers . The superfic ia l c e lls  are cuboidal
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and r ic h  in  glycogen hut unreactive fo r  sulphydryl or d isulphide.
The remainder of the epithelium  consists  of large c e l ls  which begin 
to  resemble squamous c e l ls .  By 6 days the c e lls  are d is t in c t ly  
squamous (fig u re  100, p. 275) and moderately reactive  fo r sulphydryl. 
At 8 days there  i s  a th in  su p erfic ia l layer of pale eosinophilic  
k e ra tin . The reac tio n  fo r sulphydryl i s  s t i l l  moderately intense 
while there  i s  only a fa in t  reaction  fo r disulphide.
C. SUMMARY
The cuboidal epithelium of the in fan tile  mouse vagina becomes 
squamous during culture in medium 199* This transformation occurs 
within 4 days and by th is  time there i s  evidence of early keratin 
formation. This i s  well advanced by 6 days, and accompanied by 
a decrease in demonstrable sulphydryl and the appearance of disulphide. 
The addition o f 50- 0 .05 pg./ml. oestradiol accelerates the process.
This acceleration can be temporarily abolished by the addition of 
5-0.5 iig./m l. of testosterone. 5O-O.O5 |ig./m l. of testosterone, 
10—0.01 pig./ml. corticosterone and 100—1 ng./ml. of vitamin A 
retard squamous d ifferentiation  and keratin formation. Although 
the rate o f keratin formation can be altered there are no 
morphological or histochemical differences in the various stages of 
the process.
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ORGAN CULTURE OP ADULT MOUSE VAGUS JL
A. MATERIAL
Vaginas were obtained from 12—15 week old white mice which 
were bred in  th i s  laboratory* A fter d issec tio n  the vaginas were 
washed in  medium 199* The cervix and outer squamous portion were 
removed and the remainder cut in to  5 s trip s*  One s t r ip  was retained  
fo r  h is to lo g ic a l examination and the o thers cultured  by the 
standard method. The morphology and h istochem istry  o f the adu lt 
vagina have already been described in  p a rt IV (p. 86). The oestrus 
cycle in  these animals was determined by d a ily  vaginal smears, and 
two groups were studied -  ( i )  vaginas taken a t oestrus when there 
a lready  i s  a well formed k e ra tin  lay e r and ( i i j  a t  d i-o estru s  when 
th ere  i s  no preformed k e ra tin . The numbers of cu ltu res  in  each 
group and the amounts of the various substances added to the medium 
are given in  tab le  XXV (p. 199)*
B. RESULTS
C ultures in  medium 199 alone: By the 2nd day the oestrus cu ltu res
show desquamation of the g re a te r  p art of the k e ra tin  la y e r . The 
underlying epithelium  i s  r e la t iv e ly  unchanged apart from vacuo 1 a ticn  
o f an occasional c e l l .  Compared with the tissu e  before cu ltu re  the 
squamous c e l ls  contain more RNA and le s s  glycogen. A moderately 
in tense reac tio n  fo r sulphydryl i s  present and th is  i s  in te n s if ie d
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in  the su p e rf ic ia l p a r t ia l ly  ker a t in i  sed c e lls  (fig u re  101, p. 276 ). 
By 4 days the squamous lay e r i s  th inner and covered by a deeply 
eo sin o p h ilic  lay e r o f k e ra tin . This lay er i s  s lig h tly  reac tiv e  fo r  
sulphydryl and gives an in tense reac tio n  fo r di sulphide (figure  
102, p. 276 ) . At 6 days the changes are complete as no fu rth e r 
a l te r a t io n  develops in  sim ilar cu ltu res  studied fo r 14 days. The 
epithelium  now co n sis ts  of 2-3 layers  of fla tten ed  c e lls  which are 
pleomorphic and contain frequent m ito tic  fig u res . They are r ic h  
in  glycogen and HNA but only f a in tly  reac tiv e  fo r sulphydryl.
They are covered by a broad layer of loosely  arranged strands of 
k e ra tin  in  which there are nuclei in  various stages of d is in teg ra tio n  
(fig u re  103, p. 277). More su p e rf ic ia lly  the k e ra tin  becomes more 
dense and th is  i s  associated  with a decrease in  sulphydryl and an 
increase in  d isu lphide.
In  the cu ltu res  of vaginas a t d i-o estru s  there i s  l i t t l e  
morphological change a t 2 days. There i s  le s s  HNA and glycogen 
while the reac tio n  fo r sulphydryl which i s  moderate throughout the 
squamous lay e r, i s  markedly in te n s if ie d  in  the most su p erfic ia l 
lay e rs  (fig u re  104, P» 278)* By 4 days there i s  a d is t in c t  layer 
o f su p e rf ic ia l  k e ra tin  which has le ss  demonstrable disulphide and 
more sulphydryl than the oestrus cu ltu res a t the same stage. The 
squamous c e l ls  contain more ERA and glycogen i s  abundant in  places 
(fig u re  105 , p . 278). Keratohyalin granules are more prominent
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and th ere  are more parakera to tic  c e l ls .  By 6 days the  cu ltu res
are in d istin g u ish ab le  from the oestrus cu ltu re s .
C ultures in  medium 199 with o e s trad io l: In the cu ltu res  a t
o e s tru s  the h ighest concentration (50  Pg«/®1*) produces 
degenerative changes with separation of the epithelium . As in  
o th e r s i t e s  the changes do not d if fe r  from those in  medium 199 
alone. There i s ,  however, accelera tion  of k e ra tin  formation and 
th i s  i s  more marked than in  other t is s u e s . Thus by 2 days the 
preformed k e ra tin  i s  la rg e ly  detached and the g rea te r  p a rt of the 
squamous lay e r i s  k e ra tin ised . This more rap id ly  formed k era tin  
has a h igher concentration of sulphydryl and le s s  d isu lphide.
In  the d i-o e stru s  cu ltu res  the highest concentration 
(50 p g ./m l.)  i s  toxic and degenerative changes r e s u l t .  Again 
compared w ith the changes in  medium alone there i s  an acce lera tion  
o f k e ra tin is a tio n  without any d ifference in  the stages through 
which i t  progresses.
-Cultures in  medium 199 with te sto s te ro n e : In  the vaginas taken
a t  o es tru s  the two highest concentrations (50 and 5 pg ./m l.) 
produce degenerative changes. Thus a t 24 hours the g rea te r  p a rt 
o f  the squamous and k e ra tin  layers  are desquamated (fig u re  106,
P . 279). By 4 days the remaining epithelium  i s  reduced to 2-3 
lay e rs  o f cuboidal c e lls  (figu re  107, p. 279) which by 6 days become 
f la tte n e d  and grow out to encirc le  the cu ltu re . These c e lls  are
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r ic h  in  ENA and glycogen and s lig h tly  reac tiv e  fo r  sulphydryl.
At 8 days they  are again more squamous in  type and in  p laces are 
covered by a th in  lay er o f k era tin . The c u ltu re s  in  the o ther 
concent r a t  ions (0 .5  and 0 .05  n g ./m l.) show l i t t l e  a lte ra tio n  a t  
2 days ap a rt from some desquamation o f the preformed k e ra tin  
la y e r . At 4 days the epithelium i s  s t i l l  squamous in  type. The 
two most su p e rf ic ia l layers  contain numerous p& rakeratotic c e l ls  
although there  i s  no evidence of k era tin  formation. By 6 days 
the epithelium  i s  th inner and now covered by a th in  lay e r of 
k e ra tin  which i s  only s lig h tly  le ss  reactive  fo r  sulphydryl than 
the squamous lay er. I t  i s  also fa in tly  *  active fo r d i sulphide.
The cu ltu re s  a t  d i-o estru s  are la rg e ly  s im ilar. The two 
h ighest concentrations again produce degenerative changes. Thus 
a t  24 hours there  i s  widespread desquamation of the g re a te r  p a rt 
o f the  squamous epithelium . The subsequent behaviour of the 
cu ltu re s  i s  s im ilar to those a t  o e s tru s . In the regaining 
concentrations the cu ltu res remain unchanged u n t i l  4 days when the 
epithelium  i s  squamous in  type and th ic k e r  than in  the oestrus 
c u ltu re s  a t  the same stage. I t  i s  also  covered by a lay er of 
p a rak era to tic  c e l ls  but again there i s  no k e ra tin  formation 
(fig u re  108, p. 283). Thereafter the changes are s im ilar and 
there  i s  no k e ra tin  formation u n ti l  8 days.
C ultures in  medium 199 w ith o e s tra d io l and te s to s te ro n e ; In  the 
h ighest concentration o f s te ro id  [jC p g ./m l. o f both o e s tra d io l
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te s to s te ro n e )  in  both oestrus and d i-o estru s  cu ltu res  there i s  
complete separation  o f the epithelium  and subsequent degenerative 
change. In  the o ther concentrations, there i s  slowing of the 
process o f k e ra tin is a tio n  which i s  now sim ilar in morphology and 
h istochem istry  to th a t in  medium alone.
C ultures in  medium 199 with progesterone: The findings with the
o e s tru s  vaginas are sim ilar to those with testo ste ro n e . Thus, 
in  the two h ighest concentrations (50 and 5 Pg*/ml.) there i s  
separation  of p a rts  of the squamous layer (figure  109, p .2 8 l) .
The subsequent behaviour of the cu ltu res in  these groups, i . e . ,  
progesterone and testo s te ro n e , i s  ind istingu ishab le . In the 
o th e r concentrations (0 .5  and 0 .05  jig ./m l.) there are s lig h t 
d iffe ren ces . At 4 days the c e lls  are le ss  d is t in c t ly  squamous in  
type. Many are vacuolated and contain more glycogen and le ss  
sulphydryl. By 6 days, while most of the c e lls  are d is t in c t ly  
squamous, in  some areas groups of vacuolated c e lls  are s t i l l  
p resen t. K eratin i s  not formed u n ti l  the 8th day.
In  the d i-o e stru s  cu ltu res, the changes in the two highest 
concentrations are id en tica l to those with testo ste ro n e . In  the 
o ther concentrations k e ra tin  formation i s  re tarded . At 4 days 
the epithelium  co n sis ts  of 'J—8 layers of closely  packed c e l ls .
Many are vacuolated and contain pyknotic nuclei (figure  110, p .282). 
The su p e rf ic ia l c e lls  are swollen and parakerato tic  c e lls  are not
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present* At 6 days the su p e rfic ia l c e l ls  are squamous in  type 
(f ig u re  111, p.283)* There i s  no k e ra tin  formation a t th is  
stage . At 8 days, however, the appearances are ind istingu ishab le  
from those with testo s te ro n e  and a th in  layer of k e ra tin  i s  present. 
Culture in  medium 199 with co rticosterone: The morphological and
histochem ical findings in  both oestrus and d i-o estru s  cu ltu res  
are  e s s e n tia l ly  sim ilar to those in  medium 199 with progesterone. 
C ultures in  medium 199 with vitamin A: In the oestrus cu ltu res  in
the two highest concentrations of added vitamin (1000 and 100 p g ./ 
m l.) there  i s  complete separation of the epithelium  w ithin 2 days.
In  the lowest concentrations (10 and 1 pg ./m l.) a t 2 days there i s  
separation  o f the preformed k e ra tin  and p a rts  of the squamous 
la y e r . By 4 days the remaining epithelium consists  of 4-5 layers 
o f cuboidal c e l ls  which are r ic h  in glycogen but only fa in tly  
reac tiv e  fo r  sulphydryl. The more su p erfic ia l c e l ls  are f la tten e d  
and contain  keratohyalin  granules (figu re  112, p . 284)* By 6 days 
the c e l ls  are more d is t in c t ly  squamous in  type. Many are 
vacuolated and show various forms of nuclear degeneration (figure  
H3» P* 28^ . K eratin i s  not present. At 8 days the epithelium
i s  composed of typ ica l squamous c e l ls .  They are moderately
reac tiv e  fo r  sulphydryl and contain abundant BNA and glycogen 
(fig u re  114, P.286). They are now covered by a th in  layer of 
k e ra tin .
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In  the d i-o e s tru s  cu ltu res  there i s  complete separation in
the h ighest concentrations and p a r t ia l  desquamation in  the low est. 
T h ereafter the findings are sim ilar to those a t o es tru s .
C ultures in  medium 199 with vitamin A and o e s trad io l: In  both
o es tru s  and d i-o e s tru s  cu ltu res  the h ighest concentration (50  pg. 
o f  o e s tra d io l and 100 yg. of vitamin A /  m l.) produces degenerative 
changes w ith in  24 hours. Thereafter the findings are e s se n tia lly  
s im ila r  to  those in  medium 199 alone.
C. SUMMARY
The vaginal epithelium  of adult mice forms k e ra tin  in  cu ltu re  
medium 199* The epithelium  has been removed a t two stages in  the 
cycle , o estru s  and d i-o estru s  and thus provides a comparative study 
o f the behaviour of non-keratinised epithelium  with th a t in  which 
there  i s  preformed k e ra tin . In both groups k e ra tin  i s  formed 
w ith in  4 days in  medium 199 alone. The addition  of 5-0.05 yg./m l. 
o f o e s trad io l acce lera tes  the process in  both groups. Testo­
sterone (0 .5-0 .05  yg./m1 .)  progesterone (O.5-O.O5 yg ./m l.) 
co rticosterone  (10-0*01 yg./m l.) and vitamin A (10-1 yg./m l.) 
re ta rd  the process. The addition of e ith e r  testo sterone or 
vitam in A to cu ltu res  with oestrad io l abolishes the accelera tion  
produced by th is  s te ro id . Although the ra te  of k e ra tin  formation 
d if f e r s  in  the various groups there are no e ssen tia l d ifferences 
in  the morphology or histochem istry of the various stages of the 
process. The tra n s it io n  from squamous epithelium  to k era tin  i s
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asso c ia ted  w ith a diminution in  the amount o f glycogen and 
sulphydryl and the appearance of a reaction  fo r di sulphide. In
a l l  groups, hut p a r tic u la r ly  in  those associated with accelerated  
k e ra tin is a tio n  the diminution in  the amount of demonstrable 
sulphydryl i s  le s s  than th a t found in  normal or abnormal human 
sk in  o r in  the experimental lesions on the chick membrane. The 
amount o f demonstrable disulphide in  the k e ra tin  lay er i s  also 
lower in  amount than in  the k e ra tin  lay er in  these s i te s .
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DISCUSSION
The fundamental purpose of tissu e  culture i s  the 
maintenance o f t is s u e s  a live  outside the body. The various 
methods and th e i r  uses have been admirably summarised by lfell 
(1953). While she co rrec tly  d istingu ishes between ’’organ" and 
" tis su e "  cu ltu re  i t  i s  customary and often more convenient to use 
the terms interchangeably. Thus in the present study the cu ltu res  
f a l l  in to  two d is t in c t  groups ( i )  Cell Culture in  which in te re s t 
i s  d ire c ted  towards the "unorganised” outgrowth of c e l ls  from a 
tis su e  explant and ( i i )  Organ Culture where in te re s t i s  centred 
upon the behaviour of the tissu e  fragment which may show a ce rta in  
amount o f progressive d iffe re n tia tio n .
The technique of c e ll culture stems from the work of 
H arrison ( I 907) who studied the development of embryonic nerve 
f ib re s  in  c lo tte d  frog lymph. Although the e a r l ie r  work with 
th is  technique was concerned with morphology i t s  subsequent 
development has been centred in  the f ie ld s  of virology and c e ll  
metabolism. In  general, i t s  value in  the study of c e llu la r  
morphology has proved to  be lim ited .
In  the present study th is  lim ita tio n  has been confirmed.
The find ings with the outgrowths from squamous epithelium confirm 
the statem ent o f Fawcett (1955) th a t "notwithstanding the 
m u ltip lic i ty  o f c e ll types in vivo and the complexity of th e ir
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o rg an isa tio n , t is s u e s , whatever th e ir  source give r is e  in  v itro  to 
a very lim ited  number of c e l ls ,  shapes and organisational patterns**. 
Most o f the  outgrowths show a re t ic u la r  p a tte rn  of c e l ls  whose 
morphology i s  ty p ica l of f ib ro b la s ts . Less frequently  there i s  
a s o lid  sheet of e p ith e l ia l- l ik e  c e l ls .  The morphology of these 
c e l l s ,  however, rap id ly  a l te r s  on subculture and they are soon 
in d is tin g u ish ab le  from f ib ro b la s ts . E a rlie r  repo rts  o f the 
establishm ent o f permanent c e ll  l in e s  from human skin are scanty, 
(Allgower e t  a l . , 19525 Ferry e t a l . ,  1957)* The l a t t e r  authors 
underline  the positio n  when they s ta te  " c r i te r ia  which w ill 
conclusive ly  d is tin g u ish  th is  c e ll type from other c e ll  types have 
n o t y e t been estab lished".
In  add ition , c e lls  may a l te r  in  cu ltu re  as regards th e ir  
b io lo g ica l behaviour. Thus i t  has been shown by Chang (1957) 
th a t  s tr a in s  can a r ise  from the same clone which have d iffe r in g  
n u tr i t io n a l  requirem ents. S im ilarly  s ta r tin g  with normal connect­
ive t is s u e  c e l ls  Gey (1956) and Sanford (195S) Lave demonstrated 
the development of malignant s tra in s  which produce m etastasising  
fibrosarcom ata when reinoculated in to  anima l s. The p o sitio n  has 
been summarised by Eagle (195^) wLo s ta te s  "when c e l ls  are put 
in to  cu ltu re  there  i s  a lo ss  of functional s ta b i l i ty .  Selection 
i s  by the nature of the technique fo r the c e ll capable of
rap id  growth. This rap id  growth i s  associated  with some lo ss  of
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fumction" • There may he two possible explanations o f  y-
The more sp ec ia lised  c e ll types may die out under the aitaacmal 
co nd itions o f cu ltu re  o r, on the o ther hand, the © ells say  lo se  
t h e i r  sp e c ific  character and revert to p lu rip o ten tia l c e l l s .
This reversion  i s  usually  referred  to as ded ifferen tistioo i.
This to p ic  has been extensively reviewed e a r l ie r  by Moo®
At the o u tse t he po in ts out the d if f ic u l ty  in  d e fin in g  the tejas 
" d iffe re n tia tio n "  and th a t most d e fin itio n s  convey the idea  o f  a 
progressive sp ec ia lisa tio n  of form and function  of c e l l s  o f  a 
developing organism but disregard th e ir  p o te n t ia l i t i e s  fo r  fu rth e r 
development. He also suggests th a t i t  i s  im portant to  d istingu ish  
changes which may be only a temporary reaction  of the c e l l  to new 
s tim u li and do not involve any change in  p o ten tia l function* I t  
i s  to  these rev ers ib le  changes th a t Weiss (l'9l3j has applied the te rn  
"modulation". Thus according to both these a u th o r i t ie s  a 
s a tis fa c to ry  d e fin itio n  of ded iffe ren tia tio n  must suggest th a t  a 
c e l l  shows some loss of actual function and am increase in  p o ten tia l 
fu n c tio n s . In  the present series  of cu ltu res there  appears to be 
se le c tio n  of the c e lls  capable of rapid growth. These c e l l s  are  
e i th e r  f ib ro b la s t in  type from the ou tset or even i f  i n i t i a l l y  
e p i th e l ia l ,  rap id ly  assume fib ro b las t—l ik e  morphology. Thus, 
the appearances are rap id ly  those associated w ith d e d ifie ren td a ted  
c e l ls  in  cu ltu re . They show no morphological o r h is  to chemical
evidence o f k e ra tin  formation. Even when the c e l l s  degenerate
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they do so  in  a manner ind istingu ishab le  from o ther c e ll  types 
in  c u ltu re . In  p a r t ic u la r ,  there i s  no evidence of k era to - 
h y a lin . Thus, while these c e l ls  do show the lo ss  in  cu ltu re  o f 
a sp e c ific  function there  i s  no evidence whether they have acquired 
any o th er p o te n tia l function .
I t  i s  evident th erefo re  th a t th is  p a r tic u la r  method of 
cu ltu re  although of in t r in s ic  in te re s t ,  i s  not su itab le  fo r  a 
study o f the possib le function of an in teg ra ted  piece o f t is s u e , 
such as squamous epithelium  and itscfevelopment of k e ra tin .
The technique o f organ cu ltu re  by con trast has proved o f 
considerable value in  the present study. I t  w ill be reca lled  
th a t in te re s t  in  th is  type of cu ltu re  i s  centred on the in teg ra ted  
development o f the explanted tissu e  ra th e r  than the outgrowth of 
c e l ls  from i t .  In  general, th is  development i s  sought by 
providing conditions which permit slower growth and may resemble 
more c lo se ly  those which are present in  vivo. Several fea tu res  
are of importance in  th is  connection. Thus the b asis  of th is  
type o f cu ltu re  i s  the provision of a mechanical support which 
allows the ready access to the tissu e  of an adequate supply of 
oxygen and a f lu id  medium which i s  sub—optimal fo r rap id  c e ll 
growth.
The combination of the lens paper and sponge, used as a 
support in  the present study, has proved p a rtic u la r ly  su itab le  fo r
use w ith the th in  f l a t  tis su e s  studied. I t  also avoids the
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disadvantage of the c lo t technique which, while used as a support, 
also  a c ts  as a n u tr ie n t medium of unknown chemical composition. 
This support may introduce another fa c to r  in  th a t the normal 
re la tio n sh ip  of the c e l ls  to each o ther i s  not unduly disturbed  
e i th e r  by tis su e  d is to r tio n  or by active  ce ll m igration. The 
in te r - re la t io n s h ip  o f c e l ls  and th e ir  possible inter-dependence 
on each o ther fo r  purposes of d iffe re n tia tio n  in te re s ted  the ea rly  
workers in  th is  f ie ld .  Drew (1922, 1923) studied plasma c lo t 
c u ltu re s  of tumours and other tis su e s  and concluded th a t the 
presence o f connective tissu e  c e lls  was necessary fo r e p ith e lia l  
d if fe re n t ia t io n . In  p a r tic u la r  he re fe rred  to k e ra tin isa tio n  in  
the presence of f ib ro b la s ts . Fischer (1924) produced k e ra tin  
from cu ltu re s  of chick i r i s  in  the absence of f ib ro b la s ts . He 
concluded th a t  th e ir  d iffe re n tia tin g  influence was not sp ec ific  
and re su lte d  from lack of oxygen and nourishment.
The find ings in  the present study suggest th a t he i s  co rrec t. 
The p ossib le  e ffe c ts  of the gas phase in  skin cu ltu res  has been 
stud ied  by Medawar (1947) 1948). He showed th a t rab b it skin can 
survive under anaerobic conditions fo r  one week but n e ith e r c e ll 
movement o r d iv is io n  take place. More recen tly  Trowell (1959) 
emphasised the importance of the gas phase in  the cu ltu re  of many 
types o f tis su e s  but s ta ted  th a t fo e ta l r a t  skin grows equally  
w ell in  %  C02 in  e ith e r  a i r  or oxygen. Thus, the oxygen
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requirem ents o f sk in  would appear to be le s s  c r i t i c a l  than those 
o f  o th e r t is s u e s .  This i s  probably a re fle c tio n  of the 
r e la t iv e ly  low r a te  o f metabolism of squamous epithelium . I t  i s
considered th a t  the present method perm its ready gaseous exchange 
a t  the gas f lu id  in te rfa c e . As the capacity  o f the chamber was 
designed to  contain an adequate supply of oxygen fo r the maximum 
number o f c u ltu re s  fo r  a period of 4# hours i t  i s  considered th a t 
w ith tw ice d a ily  flush ing  with 5% C02 I*1 oxygen  the supply of 
oxygen to  the cu ltured  tis su e s  i s  adequate.
I t  i s  much more probable th a t the most important fa c to r, 
in fluenc ing  the process o f d iffe re n tia tio n  in  th is  type of cu ltu re  
concerns the medium. The various synthetic  media in  current use 
have been evaluated recen tly  by Paul (I960). He describes 
Medium 199 as elaborate  and suggests th a t i t  may have unnecessary 
in g re d ie n ts . However, while th is  medium may be adequate fo r  the 
maintenance o f estab lished  c e ll lin e s , i t  must be supplemented by 
serum o r embryo e x tra c ts  fo r the establishment and maintenance of 
re c e n tly  iso la te d  c e ll  l in e s . In  the present study the addition  
o f these supplements (Tables XVII and XVIII, pp. 191* 192) produces 
a lu x u rian t outgrowth o f c e l ls  which are morphologically si mi l a r  
to  those a lready  described in  the c e ll cu ltu res . Without 
a d d itiv es  the medium does not support vigorous c e ll growth. I t  
does however permit the d iffe re n tia tio n  of e p ith e lia l  tis su e s  with
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the production o f k e ra tin .
Considering the extensive l i te r a tu r e  on various aspects of 
c e ll  c u ltu re , the f ie ld  of organ cu ltu re  has been re la t iv e ly  
neg lected . Previous work on k e ra tin is a tio n  in  v itro  has been mainly 
concerned with the process in  the in fa n ti le  mouse vagina and the 
e f fe c ts  o f oestrogens upon i t .
Thus, the only comparable s tud ies  on fo e ta l skin are 
r e s t r ic te d  to animal t is s u e s ,  notably the chick. Apart from the 
now c la s s ic a l  work of F e ll and Mellanby (1953)» which w ill be 
considered l a te r ,  two stu d ies  are of some relevance to the present 
in v es tig a tio n . Miszurski (1937) subjected plasma c lo t cu ltu res  
o f chick skin to conditions o f impaired n u tr i t io n  and oxygenation.
He concluded th a t  k e ra tin is a tio n  represented the f in a l  stage in  
d if fe re n tia t io n  ra th e r  than a degenerative process. He fu rth e r 
suggested th a t  h is  findings disproved the theory of antagonism 
between p ro life ra tio n  and d if fe re n tia tio n  as there was no 
acce le ra tio n  o f k e ra tin  formation in  conditions which cause a 
decline in  p ro life ra tio n . Litvac (1939) studied the k e ra tin isa tio n  
o f chick akin in  plasma c lo t cu ltu res  w ith the sodium n itro — 
prusside reac tio n  fo r  cy stin e . She noted th a t th is  was most 
s trong ly  p o s itiv e  in  the k e ra tin is in g  zone without any reac tion  
in  the p eripheral germinative zone or in  the fu lly  formed k e ra tin  
lay e r .
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With ad u lt human skin the only comparable study i s  th a t of 
M atoltsy and S inesi (1957) who followed k e ra tin  formation in  
plasma c lo t  c u ltu re s  by the HDD method. The p re -ex is tin g  
k e ra tin  was removed by Scotch tape. They concluded th a t k e ra tin  
form ation takes place when p ro life ra tio n  i s  in h ib ited  in  cu ltu re  and 
the squamous c e l ls  are sim ultaneously stim ulated to d if fe re n tia te  
by the removal o f k e ra tin .
On the whole, the present study confirms and extends these 
f in d in g s . I t  w ill be re c a lle d  th a t the mode o f k e ra tin  formation 
in  v i t ro  i s  s im ila r in  a l l  the t is s u e s  stud ied . Even in  those 
t is s u e s  ( fo e ta l human skin , 12 day fo e ta l mouse skin and in fa n tile  
mouse vagina) where the epithelium  i s  cuboidal, in  cu ltu re  i t  
rap id ly  becomes squamous in  type. T hereafter i t  behaves in  an 
e s s e n tia l ly  s im ilar manner to the t is su e s  in  which the epithelium  
i s  i n i t i a l l y  squamous.
The h istochem istry  of the process i s  again s im ila r in  a l l  
the t is s u e s  studied and in  keeping with th a t found in  the process 
in  v ivo . Thus, there  i s  the inverse re la tio n sh ip  between the degree 
o f k e ra tin is a tio n  and the amount of demonstrable glycogen. The 
assumption of squamous morphology i s  accompanied by the appearance 
o f a reac tio n  fo r  sulphydryl. There i s  considerable increase in  
th i s  reac tio n  ju s t  before the squamous c e lls  become k e ra tin ised ,
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while k e ra tin  form ation i s  m anifest by the appearance o f a 
reac tio n  fo r  d isu lph ide. While the morphology and h istochem istry  
suggest a more rap id  and probably le s s  complete form of 
k e ra tin is a tio n  than th a t which occurs in  vivot the basic  process 
i s  e s s e n tia l ly  s im ila r.
The question as to  whether k e ra tin isa tio n  rep resen ts a 
d if fe re n tia t io n  or degeneration as ra ised  by Miszurski (1937) has 
been admirably discussed by Pinkus (1954). He poin ts out th a t 
the end-product o f a process o f d iffe re n tia t io n , although dead, 
may s t i l l  be able to  f u l f i l  a h ighly  spec ia lised  function . In  
p a r t ic u la r ,  he c i te s  red blood c e l ls .  The findings in  the 
presen t study suggest th a t any controversy may be ra th e r  point­
le s s  as both processes are exhibited  during k e ra tin  form ation.
Thus, in  cu ltu re , the squamous c e ll p recursors, i . e . ,  the fo e ta l 
cuboidal c e l ls  and the adult basal c e l ls  p ro life ra te . For a 
lim ited  period they and th e ir  successors are changed in to  
apparen tly  mature squamous c e l ls ,  i . e . ,  they are d if fe re n tia te d  in  
th a t they have only one remaining function — the formation of 
k e ra tin . Their f in a l  d e v ita lisa tio n  to form a c e llu la r  k e ra tin  
however i s  a degenerative phenomenon.
In  the, present study i t  was not found necessary to stim ulate 
the e x is tin g  squamous c e l ls  to  d if fe re n tia te  by removing the 
k e ra tin  lay e r  as did M atoltsy and Sinesi (1957). The findings
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suggest th a t  once the c e l ls  have become squamous in  type, they 
must in ev ita b ly  proceed towards some degree of k e ra tin isa tio n  as 
the process o f k e ra tin is a tio n  i s  the way in  which these highly 
d if fe re n tia te d  c e l ls  must degenerate. Again, the present 
find ings are not in  keeping with the suggestion of Miszurski 
(1937) th a t  there  i s  no antagonism between p ro life ra tio n  and 
d if f e re n tia t io n . I t  may be th a t the ex is tin g  squamous c e l ls  
d if f e re n tia te  by what Carrel (1924) ca lled  "residual growth 
energy". They are however replaced by c e l ls  derived from 
r e la t iv e ly  u n d iffe ren tia ted  e p ith e lia l  c e l ls .  This replacement 
By ty p ica l squamous c e l ls  la s t s  only fo r a lim ited  period of time. 
As the germinal c e l ls  become adjusted to the suboptimal conditions 
o f growth, they begin to grow more rap id ly , assume le ss  d is tin c tiv e  
morphology and no longer d if fe re n tia te  to  become mature squamous 
c e l l s .  Eventually, even under these conditions of cu ltu re , 
which are designed to r e s t r i c t  growth, the c e l ls  a c tiv e ly  
p ro li f e ra te .  As assessed by morphology, they progress only 
p a r tly  towards squamous d iffe re n tia tio n  and show lo ss  of normal 
function in- th a t  they do not produce k e ra tin . While they are 
d e d iffe re n tia te d  in  th is  respect, there is  no evidence whether or 
not they have acquired any other p o ten tia l function.
An attempt to determine whether these c e lls  have the capacity  
to  develop in  other ways has been made by the addition to the
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medium o f substances known to influence the process o f 
k e ra tin is a tio n  in  vivo. They may be divided conveniently in to  
two groups (a) those associated  with in h ib itio n  of k e ra tin  formation, 
no tab ly  vitam in A and, (b) those associated with increased 
k e ra tin  form ation, including o estrad io l and o ther s te ro id s .
The a n tik e ra tin is in g  action  of vitamin A in  vivo i s  well 
e s ta b lish ed  (Mori, 1922 a & b, 1923; Wolbach & Howe, 1925» 1928). 
While the in  v itro  s tud ies  are re la t iv e ly  scanty, the findings 
o f F e ll and Mellanby (1953) are of considerable in te re s t .  They 
found th a t i f  10-30 I.U . of vitamin A was added to cu ltu re s  of 7 
day chick skin k e ra tin  was not formed and a mucoid secreto ry  
c i l ia te d  type of epithelium  developed. Their findings were 
su b stan tia ted  by Weiss and James (1955) who exposed fragments of 
chick sk in  fo r  b r ie f  periods to a medium containing 60 pg./m 1. a t 
2 day in te rv a ls .  They suggested th a t the vitamin ac ts  as an 
inductive agent which has switched the c e llu la r  mechanism of 
d if fe re n tia tio n  in to  another course. They s ta te  th a t th is  i s  an 
example of modulation. In  the present study the vitamin 
produces le s s  s tr ik in g  resu lts*  Thus, in  the tissu e s  whose 
epithelium  i s  already squamous in  type, there i s  a slowing of 
the conversion of the ex istin g  squamous c e lls  in to  k e ra tin . In  
the u n d iffe ren tia ted  tis su e s  there i s  also slowing of the 
conversion of the precursors in to  squamous c e l ls .  The e ffe c t,
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however, l a s t s  fo r a comparatively short period of time before 
the c e l l s  become squamous and eventually  k e ra tin ised . The 
fin d in g s  suggest th a t in  a l l  the various tis su e s  studied, once the 
c e l l s  have developed from the germinal c e lls  they are irre v e rs ib ly  
d if fe re n tia te d  towards squamous c e lls  which in ev itab ly  k e ra tin ise . 
Even the germinal c e l ls  which are presumably le s s  well defined 
as to  th e i r  fu tu re  l in e  of development show no evidence of 
d ev ia tin g  from th is  form of d iffe re n tia tio n .
I t  i s  possib le th a t ,  although the dosages employed are 
g re a tly  in  excess of normal blood le v e ls , the a c tiv ity  of the 
vitam in dec lines in  cu ltu re . To minimise th is  p o s s ib il i ty  the 
medium in  these cu ltu res  was changed a t 12 hourly in te rv a ls .
Again, the e f fe c ts  produced by Weiss and James (1955) were 
obtained by the exposure of skin to the vitamin fo r only 30 
minutes a t 2 day in te rv a ls . The mucous m etaplasia produced by 
P e ll and Mellanby (1953) often took 9 days to develop and few of 
the t is s u e s  in  the present se rie s  have been followed fo r th a t 
leng th  o f tim e. This would not appear to be s ig n ifican t as, even 
in  the tis su e  which i s  most reactive  (human fo e ta l sk in ) , some of 
the c e l ls  are squamous w ithin 4 days. In the tis su e s  studied by 
P e ll and Mellanby (1953) there was no evidence of squamous 
d if fe re n tia tio n  a t any stage. These authors mention b r ie f ly  
th a t prelim inary  s tud ies  showed th a t mouse skin was much le ss
reac tiv e  than th a t of the chick. There may well be a species
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v a r ia tio n  in  s e n s i t iv i ty  as the blood, le v e ls  and vitam in 
requirem ents o f various animals vary enormously. I t  i s  also  
p o ssib le  th a t  i f  younger embryos had been used in  the present 
study the skin might have proved to be more re ac tiv e . This 
would appear to be u n lik e ly  as in  the fo e ta l t is su e s  a t  le a s t ,  the 
germinal c e l ls  might reasonably be expected to be m u ltip o ten tia l.
I t  i s  o f considerable in te re s t  th a t ,  although more tox ic , 
squalene produced e s se n tia lly  sim ilar findings in the lowest 
concen trations. I ts ,u s e  in the present study was prompted by the 
suggestion by Plesch (1952, 1953)> °n ihe b asis  of c l in ic a l  and 
experim ental animal s tu d ies , th a t i t  might have an a n ti-k e ra tin is in g  
e f fe c t .  Although he draws no firm conclusions, he suggests th a t 
the e f fe c t  o f vitamin A i s  probably non-specific . I t  i s  also 
o f in te re s t  th a t in  d iscussing th e ir  findings F ell and Mellanby 
( 1953) s ta te  th a t the vitamin may not be d ire c tly  responsible fo r  
the mucous m etaplasia but i s  merely suppressing k e ra tin isa tio n .
Again th i s  i s  in  keeping with the present find ings. I t  i s  
tempting to  speculate as to the mode o f action  of these substances. 
However, from the present findings one can only agree with the 
statem ent o f Moore (195?) in  h is  au th o rita tiv e  textbook th a t 
"a t p resen t any conclusion which would narrow down our theories 
as to  the mode of action  of vitamin A would seem u n ju s tif ie d " .
I t  remains th a t the present study shows th a t in  the various
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e p i th e l ia l  t is s u e s  removed from any possib le  in h ib itin g  
mechanism o f the in ta c t  o rg an ise  the addition o f vitamin A 
produces no dev iation  from normal squamous development w ith 
subsequent transform ation of the squamous c e l ls  in to  k e ra tin .
The morphology and histochem istry of the process suggest th a t i t  
i s  e s s e n tia l ly  s im ilar to  th a t in  the o ther s i te s ,  considered 
e a r l i e r .
As discussed in  p a rt IV oestrogens are known to stim ulate 
the k e ra tin is a tio n  o f vaginal epithelium  in  vivo. While there 
have been more stud ies  in  v itro  with vaginal epithelium  than with 
sk in , those relevan t to  the present study have u t i l i s e d  only 
in fa n ti le  t is s u e s . The e ffec t of oestrogens added to these cu ltu re s  
o f cuboidal epithelium  has produced co n flic tin g  re s u l ts .  Thus 
Etamens and Ludford (1940} fa ile d  to induce k e ra tin isa tio n  in  r a t  
vaginal epithelium  in  plasma c lo t cu ltu res  which contained 
o e s tra d io l. Dux (1941) found th a t, while sim ilar t is su e s  did 
produce k e ra tin , oestrogens did not d ire c tly  a ffec t the process 
although in  cu ltu res  in  serum from r a ts  a t oestrus there was an 
acce le ra tio n . More recen tly  Hardy e t  a l .  (1953}, Biggers ejb a l • 
(1956) and lTa.hw (1954} produced k e ra tin  from immature epithelium  
from mice a^d r a t s .  L ater Kahn (1959) found th a t the addition  
o f o es trad io l to a syn thetic  medium accelerated  the process. The 
most recen t study i s  th a t of Martin (1959} who used both b io log ical 
and syn the tic  media and found th a t while k e ra tin  was formed, the
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ad d itio n  o f oestrone, co rtiso n e , te sto s te ro n e  or dimethyl 
s t i lh o e s tro l  did not a f fe c t  the process. At the o u tse t, 
a po ssib le  explanation o f the discrepancy of the find ings in  the 
p resen t study w ith those of Martin (1959) may be th a t he followed 
h is  cu ltu re s  fo r  only 3 days and k e ra tin  formation appears to have 
occurred more rap id ly  under the conditions of h is  experiments.
In  the p resen t study the add ition  of o estrad io l acce le ra tes  the 
r a te  o f k e ra tin  formation in  epithelium  which i s  already squamous 
in  type. I t  also acce le ra tes  the ra te  of conversion o f fo e ta l 
e p i th e l ia l  c e l ls  to squamous c e l ls  which also  k e ra tin ise  rap id ly . 
Although i t  iB acce lera ted , and the histochem ical findings are 
co n sis ten t w ith the formation of k e ra tin  being le s s  complete, the 
process i s  e s se n tia lly  s im ilar to th a t which occurs in  vivo.
All the tis su e s  studied  reac t to the add ition  of th is  
s te ro id  although the most sen sitiv e  are the vaginal t is s u e s .
As discussed in  p a rt IV th is  i s  as might be eipected , although 
skin i s  also  an oestrogen sen sitiv e  tis su e  (Bullough H .F., 
1942-44)* Burrows (1949) pointed out th a t the capacity  to 
respond to  oestrogens and the degree of response are innate 
c e l lu la r  c h a ra c te r is t ic s .  These c h a ra c te r is tic s  are re ta in ed  
when the t is s u e s  are tran sfe rred  to o ther p a rts  o f the body 
(Raynaud, 1930). As shown in  the present study they are also 
re ta in ed  fo r  a lim ited  time in  v i t ro .  However, a f te r  a short
-  168 -
p eriod , in  t h i s  environment, the germinal c e l ls  no longer 
d i f f e r e n t ia te  in to  squamous cells*  They assume the morphology 
o f much more rap id ly  p ro life ra tin g  c e l ls  and th e re a fte r  show no 
evidence o f d if fe re n tia t io n  as found in  the cu ltu re s  in  medium 
alone.
I t  i s  possib le  th a t  the addition  of oestrogen supplies an 
in g red ien t which i s  lacking in  the medium used. The e ffe c ts  
produced by the o ther s te ro id s  however, renders th is  p o s s ib il i ty  
u n lik e ly . Thus, while k e ra tin  formation i s  also  accelerated  
by dehydro iso  androste rone, the add ition  o f te sto s te ro n e , 
progesterone and co rticosterone  re ta rd  the process. While the 
s im ila r i ty  of e f fe c t  produced by an oestrogen and an androgen are 
puzzling they are , neverthe less , in  keeping with in  vivo find ings. 
The most re lev an t of these to  the p resent study showed th a t the 
adm in istra tion  of d iffe re n t androgens produced d iffe re n t e ffe c ts  
in  hypophysectomised r a t s .  Thus, while many androgens were 
in ac tiv e  the adm in istration  of testo stero n e  produced a Mmucifiedw 
vaginal epithelium  while and.rostene 3:17 dione produced k e ra tin
(Huggins e t  a l . 1954). Again although the precise mode of action  
o f s te ro id s  i s  unknown th e ir  e f fe c ts  on vaginal epithelium  i s  
g en era lly  well characterised . The in te ra c tio n  and possib le 
antagonism are le s s  well estab lished  and the l i te r a tu r e  on th is  
to p ic  i s  confusing and la rg e ly  con trad ictory . Thus, from a study
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o f the previous l i te r a tu r e  and c a re fu lly  con tro lled  animal
experim ents Edgren (1959) concludes th a t " i t  i s  d i f f ic u l t  to 
p red ic t how a given s te ro id  w ill reac t and the same s te ro id  may 
he e i th e r  sy n erg is tic  or an tagon istic" . I t  i s  of in te re s t  
th e re fo re , th a t the present findings show th a t co rticosterone , 
te s to s te ro n e  and progesterone a l l  abolish  the acce lera tion  
produced by o e s tra d io l. Moreover th e ir  e f fe c ts  are 
in d istin g u ish ab le  from those of vitamin A. The antagonism of 
these substances suggests there be some s p e c if ic ity  of action although 
there  i s  no evidence th a t the basic process of k e ra tin isa tio n  i s  
a l te re d  in  any way. Thus, while the findings do not o ffe r  any 
evidence as to the mode of action  of these substances, they are 
s t i l l  co n sis ten t with the suggestion of Bullough (W.S. 1953) and 
M artin and Claringbold (1958) th a t the action  of oestrogens i s  
purely  mitogenic and i t  i s  equally  possible th a t the in h ib ito ry  
ac tio n  o f the o ther s te ro id s  i s  mediated through th e ir  e f fe c ts  on 
the m ito tic  a c t iv i ty  of the germinal c e l ls .
C O N C L U S I O N
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The fin d in g s  and th e i r  possible in te rp re ta tio n  have been 
a lready  d iscussed  a t the end of the appropriate p a rts . I t  is  
now convenient to consider very b r ie f ly  what has emerged from 
th i s  f a i r l y  wide consideration of the process of k era tin isa tio n  
and to  suggest possib le  fu ture developments. I t  has been shown 
th a t  the h istochem istry  of the process in  normal human skin i s  
c o n s is ten t w ith the theory th a t the conversion of sulphydryl to 
d isu lphide i s  the e s se n tia l step in  the transformation of the 
epidermal c e l ls  in to  a c e llu la r  k e ra tin . A sim ilar process has 
a lso  been shown in  human skin lesions which are associated with 
abnormal forms of k e ra tin isa tio n  and in  the in vivo studies in the 
developing egg and in  LAF 1 mice. The histochemical methods 
av a ilab le  a t present are s t i l l  re la tiv e ly  crude. As they become 
more re f in e d  and possib ly  used in  conjunction with the recently  
av a ilab le  enzyme k era tin ase , i t  may be possible to explore the 
p re -k e ra tin s  fu rth e r . An e sse n tia lly  sim ilar process has been 
demonstrated in  v itro  in  both human and animal tissu e s . I t  has 
been shown th a t adu lt and fo e ta l epithelium can foim k eratin  in an 
a r t i f i c i a l  cu ltu re  medium of known chemical composition. In th is  
environment which i s  unfavourable fo r active ce ll growth the 
form ation o f k e ra tin  takes place in an indistinguishable manner from 
th a t  in  v ivo . I t  may be th a t the tissu es  studied, even the 
fo e ta l t is s u e s  have already only the po ten tial to develop into 
squamous epithelium . The behaviour of human foeta l skin from
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d if fe re n t aged embryos th ere fo re , would be of considerable in te re s t .  
In  the p resen t study i t  has not been shown possible to a l t e r  the 
process o f k e ra tin  formation in  any type of epithelium . The 
various substances added, in  general, have the e ffe c t o f a lte r in g  
the r a te  a t  which the process takes p lace. The e f fe c t of a 
wider range of substances, p a r tic u la r ly  the vitamin analogues 
and a wider range of s te ro id s , may well prove of value p a r tic u la r ly  
in  the mechanism of in te ra c tio n  of the various s te ro id s . I t  may 
be th a t  the tis su e s  studied have only the p o ten tia l fo r squamous 
development and subsequent k e ra tin  formation. Therefore, a 
s im ila r  in v e stig a tio n  in to  the behaviour in  cu ltu re  of o ther types 
o f epithelium  might prove to  be of considerable in te re s t .  Much 
remains uncerta in  about the process of k e ra tin  formation and fu rth e r  
in v i tro  s tu d ies  may, w ith a combination o f o ther techniques, such 
as e lec tro n  microscopy or autoradiography, help in  i t s  elucidation*
II
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TABLE V
Summary o f main c l in ic a l  d iffe re n c e s  
Between h y p erk e ra to tic  and d y sk e ra to tic  w arts
H yperkerato tic D yskerato tic
S ite v arious palmar
S itu a tio n s u p e rf ic ia l deep
Number m u ltip le sing le
Pain seldom always
D uration long short
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TABLE VII 
G rafts  on CAM
Eo. Ho. Viable After 4 Bays
Human Skin 83 75
Rat Embryo Skin 10 8
Squamous c e l l  carcinoma 8 1
Keratoacanthoma 6 1
Simple Melanoma 4 1
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TABLE VIII
Passage o f adrenotrophic tumour (No. 20)
Passage No.
No. o f Animals




20 7 /7 * (3 l)
21 1 0 /10  ( 30)
22 6 /6  ( 28)
23 11 /12  ( 30)
24 5/6 (30) 5/5 (29)
25 5/6 (30) 6 /6  ( 30) 5 /6  ( 34)
26 5 /6  ( 26) 4 /4  ( 28)
27 4 /4  (29) 10/10  ( 28)
28 8 /8  ( 28 )
29 6 /6  ( 26 )
* Number o f animals with tumours over number grafted. 
Average latency ( i . e . ,  time u n til the tumour became 
palpable) in  days i s  given in  parentheses.
-  183 -
TABLE IX
Passage o f  adrenotrophic tumour (No. 2)




Humber o f anim als w ith tumours over the 
number in je c te d . The la ten cy  i s  given 
in  p aren th eses .
**
In  p ro g ress .
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TABLE X
Operative treatment of  
LAffl mice bearing adrenotrophic tumour Ho. 20
Passage Ho. Intact "Adrex." "Gonex. 11 "Adrex. and Gonex."
24 5 5
25 5 6 5
26 5 4
27 4 10























-  185 -  
TABLE XI
Vaginal smears o f adrenotrophic tumour Bearing LAF1
mice ( s t r a in  20)
At t + AArex«
C ontro ls  A t.T . At >T. + Adrex. At»T. t  Gonex. * Gonex
p P P p P
0 P 0 p P
0 P 0 p P
M P/0 M p P
3 D M 3 P
3 D 3 P P
P P P P P
0 P 0 P . P
0 P 0 D 3
M P M D' 3
3 3 M D 3
D P 3 P P
P P P P P
0 P 0 P P
0 P 0 D P
M P/0 M 3 P
D D M P P
P 3 D P P
0 P P P P
0 P 0 P P
M P 0 D P
0 = o es tru s
A t.T. = adrenotrophic tumour 
p = p ro -o es tru s
M = m eta-oestru s
3 = d i-o e s tru s
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TABLE XII



























5 mm, in  diam eter ( a t  autopsyJ
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TABLE X III
Passages o f th y ro tro p h ic  tumour i n LAF1 mice
Passage I n ta c t  ATHYROID
3 4/ 6** (438; 6/6 (400)
1/6* (402; 5/6 (389)
In  p rog ress.
**
' Number o f animals w ith tumours 
over the number in je c te d .
Latency in  days in  paren theses.
-  188 -
TABLE XIV
Media used in  Plasma Clot Cultures
T otal No. o f 
Cultures Growth 
Good Poor None
1. Medium 199 80$
Human Serum 20$ 33 8 7 18
2. 0 .5 1°  Lactalbumin 
hydrolysate in  
E arle’ s sa lt  
so lu tion  80$ 
Human Serum 20$ 15 1 13
3« 0 .5$  Lactalbumin 
hydrolysate in  
E arle1s sa lt  
so lu tion  65$
Human Serum 30$
Chick Embryo
extract 5$ 10 1 2  7
T otal 58 10 10 38
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TABLE XV
P la a ia  c lo t  cu ltu res  on cover s i  i t s
So. o f  cu ltu res  Giovib
Good Boar Somie
Skin
M u lt  Inman 25 2 6 H
F o e ta l Mouse 3 2 1 0
F b e ta l S a t 3 2 1 0
F o e ts l Cfcdcl: 5 4 1 0
T o ta l 36 10 9 11
O ther L esions
S tap le  lelamraiB 12 0 0 12
B asal c e l l  carcinoma 7 0 1 6
""Basal ce l1*" uapUloma 2 0 0 2
Skguamoius c e l l  carcixtoiaa 1 0 0 1
l o t a l 22 0 1 21
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TABLE XVI
Plasma c lo t  c u ltu re s  in  watch g la sse s
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TABLE XVII
Media used in  p re lim in ary  organ cu ltu re s
S.M. 199 8($
Mouse or Human Serum 2QF]o
S.,M. 199 50%
Bovine Amniotic Fluid $0%
No* o f C ultures
Eagle *s Medium 60^
Mouse or Human Serum 20ft> 80
Chick Embryo Extract
30
S.M. I 99 60$
Mouse or Human Serum 20% 30
Chick J&nbryo Extract 2G$
90
S.M. 199 Alone 20
S.M. 858 5<# 50
Bovine Amniotic Fluid ^ 0$
S.M. 858 Alone 40
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TABLE m i l  
P re lim in ary  organ c u ltu re s  o f mouse t is s u e s
T issue No» o f C ultures
Skin F oetal 30
I n fa n t i le 30
Vagina F oeta l 12
I n fa n t i le 12
Adrenal F oeta l 30
I n fa n t i le 45
Thyroid Foeta l 10
In fa n t i le 90
O ther T issues:
( P i tu i ta r y ,  thymus, p ro s ta te , 




SYNTHETIC MEDIUM 199 (0477) 
Ingredients per l i t r e
2-Arginine 70 mg. Pantothenate 0 .0 1 mg,
1-H istid ine 20 mg. B iotin 0 .0 1 mg
1-Lvsine 70 mg. F olic Acid 0 .01 mg
1-Tyro sine 40 mg. Choline 0 .5 mg
dl-Tryptophane 20 mg. In o s ito l 0.05 mg
dl-Phenylalanine 50 mg. p-Aminobenzoic Acid 0.05 mg
1-Cystine 20 mg. Vitamin A 0 .1 mg,
dl-Methionine 30 mg'. C alciferol 0.1 mg
dl-Serine 50 mg. Menadione 0 .0 1 mg,
dl-Threonine 60 mg. a-Tocopherol Phosphate 0 .0 1 mg,
dl-Leucine 120 mg. Ascorbic Acid 0.05 mg,
d l-Iso leucine 40 mg. Glutathione 0.05 mg,
dl-Valine 50 mg. Cholesterol 0 .2 mg,
dl-Glutamic Acid 150 mg. Sodium Acetate 50 mg,
dl-Aspartic Acid 60 mg. 1-Glutamine 100 mg,
dl-Alanine 50 mg. Adenosinetriphosphate 1 mg
1-Proline 40 mg’. Adenylic Acid 0 .2 mg
1-Hydroxypro1 ine 10 mg. Iron (as Ferric N itrate) 0.1 mg
Glycine 50 mg. Ribo se 0*5 mg
1-Cysteine 0 .1  mg. Desoxyribose 0 .5 mg
Adenine 10 mg. 'Tween 80 0 .005 mg
Guanine 0 .3  mg. Sodium Chloride 8 g*
Xanthine 0 .3  mg. Potassium Chloride 0 .4 g*
Hypoxanthine 0 .3  mg. Calcium Chloride 0.14 g*
Thymine 0 .3  mg. Magnesium Sulphate 0 .2 g*
Uracil 0 .3  mg. Disodium Phosphate 0.06 g*
Thiamine 0 .01  mg’. Monopotassium Phosphate 0.06 g*
Riboflavin 0 .0 1  mg. Sodium Bicarbonate 0.35 g*
Pyridoxine 0.025 mg. Bacto -  Dextrose 1 g*
Pyridoxal 0.025 mg* Bacto -  Phenol Red 0 .0 2 g*
Niacin 0.025 mg. Carbon Dioxide to pH 7*2
Niacinamide 0.025 mg. Triple D is t i l le d  Water 1000 ml.
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TABLE XX
Organ Culture o f Squamous Epithelium  
T otal Number o f  C ultu res
Human Mouse
Adult F oeta l Adult Foetal I n f a n t i le
Skin 224 12 0 432 0
Vagina 0 0 228 0 276
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TABLE XXI 
Organ culture o f human fo e ta l skin
Added to Medium pg./m l. No. o f Cultures
Vitamin A
A cetate. 500 4
O estradiol. 50 4
Control 4
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TABLE XXII 
Organ culture of adult human skin
Added to Medium pg./m l. No. o f Cultures
O estradiol 50 15
5 15
0 .5 15
0 .0 5 15
Dehydroisoandro sterone 50 3
5 3
0.5 3
0 .0 5 3












0 .0 5 9
Control 32
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TABLE XXIII
Organ culture o f fo e ta l mouse skin
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TABLE XXIV 
Organ c u ltu re  o f  in f a n t i le  mouse vagina
Added to Medium tAg./ml. No. of C ultures
O estrad io l 50 30
5 30
0.5 30
0 .0 5 30
T estosterone 50 9
5 9
0.5 9
0 .0 5 9
Cortico s terone 10 6
l 6
0 .1 6
0 .0 1 6




O estrad io l and 50
T estosterone 50 6
5 6
0.5 6
0 .0 5 6
Control 24 1
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TABLE XXV
Organ c u ltu re  o f ad u lt mouse vagina
Added to Medium jig./m l. No. o f Cultures
Oestrus I)i-oestrus
O estradiol 50 5 10
■ 5 . 5 10 =
0 .5 5 10
0 .0 5 5 10
Progesterone 50 3 3
5 3 3
0 .5 3 3
0 .0 5 3 3
Testosterone 50 3 3
5 3 3
0 .5 3 3
0 .0 5 3 3
Cortico sterone 10 3 3
1 3 3
0 .1 3 3
0 .0 1 3 3




Vitamin A and 100
Oestrogen 50 3 3
5 3 3
0 .5 3 3
0 .0 5 3 3
Oestradiol and 50
Testosterone 50 3 3
5 3 3
0 .5 3 3
0 .0 5 3 3
Control 12 12 I
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FIGURE X
THE THREE MAIN TYPES OF CROSS-LINKAGES 
IN KERATIN MOLECULES
R R H 0






H / \ HJ-NH
n
i R H
S a lt Linkage
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Fig. 2. Adult human sk in ; th e  t r a n s i t io n  zone between 
th e  squamous and k e r a t in  la y e r s .  Numerous k e ra to h y a lin  
g ra n u le s  a re  p re s e n t .
Haematoxylin and eosin  x 9°0.
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FIGURE 3
THE DIHYDROXY-DINAPTHYL-DISULPHIDE METHOD 
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F ig . 4* A dult human sk in ; th e  d i s t r ib u t io n  o f  SH groups.
A zone o f  in te n s i f i e d  s ta in in g  i s  p re sen t a t  th e  ju n c tio n  o f 
th e  squamous and k e r a t in  la y e r s .
D ih y d ro x y -d in ap th y l-d isu lp h id e  x 280.
F ig . 5. A dult human sk in ; d i s t r ib u t io n  o f  SS groups. 
S ta in in g  i s  confined  to  th e  k e r a t in  la y e r .
D ihy d ro x y -d in ap th y l-d isu lp h id e  x 90.
-  204 -
F ig . 6 . A dult human sk in ; d i s t r ib u t io n  o f  ac id  
phosphatase . An in te n s e ly  s ta in in g  band i s  p resen t 
in  th e  g ra n u la r  la y e r .
H o l t 's  method x 225.
-  205 -
F ig . 7- H y p erk era to tic  pap illom a; 
two s u p e r f ic ia l  le s io n s  on th e  d o rsa l 
su rfa c e .
F ig . 8 . D y sk e ra to tic  papillom a;
a s in g le  deep sea ted  le s io n  on the  
palm ar su rfa c e .
-  206 -
F ig . 9» H y p erk era to tic  pap illom a;
numerous v acu o la ted  c e l l s  a re  p re s e n t. 
Haematoxylin and eo sin  x 125*
-  207 -
F ig . 10. H y p erk era to tic  pap illom a; pyknotic  
n u c le i  and n u c le a r  d e b r is  in  the  g ra n u la r  la y e r .  
Haematoxylin and eo sin  x 950.
-  208 -
F ig , 11. H y p erk era to tic  pap illom a showing a 
prom inent g ra n u la r  la y e r ,
Haematoxylin and eo s in  x 225*
'
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F ig , 12. H y p erk era to tic  pap illom a; p a ra k e ra to t ic  
n u c le i  in  th e  k e r a t in  la y e r .
Haematoxylin and eo sin  x 90.
-  209 -
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F ig . 13. D y sk e ra to tic  pap illom a; squamous c e l l s  
a re  sep a ra ted  by m asses o f  k e r a t in .  Numerous 
d y s k e ra to tic  c e l l s  a re  p re s e n t.
Haematoxylin and eo sin  x 75*
-  210  -
F ig . 14. D y sk e ra to tic  p ap illom a; an 
i s o la te d  group o f  d y s k e r a to t ic  c e l l s  low 
in  th e  squamous la y e r .
Haematoxylin and eosin  x 225 .
211  -
F ig . 15. D y sk e ra to tic  pap illom a; th e re  a re  
numerous d y s k e ra to tic  c e l l s  which co n ta in  v acu o la ted  
cy top lasm ic  m asses and in t r a n u c le a r  b o d ie s . 
Haematoxylin and eo sin  x 750#
-  212  ~
F ig , 16. D y sk e ra to tic  pap illom a; d y s k e ra to tic  
c e l l s  in  a p a r t i a l l y  k e r a t in is e d  a re a . Some 
n u c le i  are  now sw ollen .
Haematoxylin and eo sin  x 950.
-  213  -
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F ig . 17 . D y sk e ra to tic  pap illom a; prom inent k e ra to -  
h y a lin  g ra n u le s  in  normal squamous c e l l s  w ith  in te rv e n in g  
masses o f d y s k e ra to tic  c e l l s .
Haematoxylin and eo s in  x 135«
-  214 -
F ig , 18, D y sk e ra to tic  pap illom a; prom inent 
in tr a n u c le a r  b o d ie s , some n u c le i  a lso  co n ta in  
prom inent n u c le o l i ,
Haematoxylin and eosin  x 95°•
F ig . 19. D y sk e ra to tic  pap illom a; a group o f  dys- 
k e r a to t ic  c e l l s  w ith  a d jac e n t normal squamous c e l l s .  
Haematoxylin and eo sin  x 750»
-  216  -
F ig . 20. H y p e rk e ra to tic  pap illom a; in te n se  
s ta in in g  fo r  su lphydry l a t  th e  ju n c tio n  o f  th e  
squamous and k e r a t in  la y e r s .
D ih y d ro x y -d in ap th y l-d isu lp h id e  x 225.
F ig . 21. D y sk e ra to tic  pap illo m a; Sulphydryl 
c o n ta in in g  d y s k e ra to tic  c e l l s  a re  sep a ra te d  "by 
u n re a c tiv e  squamous c e l l s .
Dihydroxy-dinapthyl—disulphide x 225.
-  217 -
F ig . 22. D y sk e ra to tic  p ap illom a; the  re a c t io n  
fo r  su lp h y d ry l i s  p re se n t in  th e  d y s k e ra to t ic  
c e l l s  and ex tends in to  th e  k e r a t in  la y e r .
D ih y d ro x y -d in ap th y l-d isu lp h id e  x 90.
-  218  -
Fig. 23. Hyperkeratotic papilloma; 
stain ing for disulphide i s  confined to the 
keratin  layer.
Dihydroxy-dinapthyl-disulphide x 135*
F ig . 24. D y sk era to tic  papillom a; s ta in in g  
fo r  d isu lp h id e  i s  confined to  the  d y sk e ra to tic  
c e l l s  and the  k e ra t in  la y e r .  
D ihydroxy-d inap thy l-d isu lph ide  x 225.
-  219 -
Fig# 25* Normal chick ckorio-a llantoic membrane. The super­
f ic ia l  ectoderm con sists  o f fla tten ed  ep ith e lia l c e l l s .  
Haematoxylin and eosin x 275*
-  220  -
Fig. 26. Membrane inoculated with extracts of  
normal skin; the ectoderm i s  now squamous in type. 
Haematoxylin and eosin x 275*
*# 
;
-  2 2 1  -
Fig . 27» Membrane in o c u la ted  w ith  w art m a te r ia l .
There i s  in v asio n  o f  the  mesoderm by " c e l l  n e s ts " .  
Haematoxylin and eo sin  x 275*
- 222 -
F ig . 28. C h o rio -a lla n to ic  membrane; glycogen i s  confined  to
th e  endoderm.
P e rio d ic  a c id -S c h if f  x 230.
F ig . 29. H y p erp lastic  membrane; glycogen in  the  ectoderm . 
P e rio d ic  a c id -S c h if f  x 230.
- 223 ~
F ig . 30. H y p erp la s tic  membrane; su lphydry l groups 
in  the  ectoderm .
Dihydroxy-dinapthyl-disulphide x 230.
F ig . 31. H y p erp lastic  membrane; su lphydry l groups 
in  the  s u p e r f ic ia l  squamous and k e r a t in  la y e r s .  
H ihy d ro x y -d in ap th y l-d isu lp h id e  x 230.
-  224 -
F ig . 32. H y p e rp la s tic  membrane; d isu lp h id e  i s  
confined  to  th e  k e r a t in  la y e r .  
D ih y d ro x y -d in ap th y l-d isu lp h id e  x 230.
F ig . 33» H y p erp las tic  membrane; in te n se  s ta in in g  
fo r  d isu lp h id e  in  " c e l l  nests '* . 
D ih y d ro x y -d in ap th y l-d isu lp h id e  x 230.
-  225  -
Fig* 34* Human sk in  g ra f te d  on 
the c h o r io -a l la n to ic  membrane, 
x 4 «
Fig. 35* Human skin g ra f te d  on 
the  membrane.
Haematoxylin and eosin  x 30.
- 226 -
F ig . 36. Human sk in  g ra f te d  on the  membrane; " c e ll  
n e s ts "  a re  formed a t  the base o f  the  g r a f t .  
Haematoxylin and eo sin  x 230.
-  227 ~
F ig . 37- K e ra t in is in g  human sk in  g ra f te d  on th e  
membrane. N ucleated  ch ick  red  c e l l s  a re  p resen t 
in  the  derm is o f the  g r a f t ,
Haematoxylin and eosin  x 230.
- 228 -
F ig . 38. Human sk in  g r a f te d  on th e  membrane; 
abundant k e r a t i n  i s  p re s e n t  b u t k e ra to h y a l in  g ra n u le s  
a re  s c a n ty .
Haematoxylin and eo sin  x 230,
-  229 -
F ig . 39• Human sk in  g r a f t  in o c u la te d  w ith  
w art m a te r ia l .  There i s  h y p e rp la s ia  o f  th e  
squamous c e l l  la y e r  and h y p e rk e ra to s is .  
H aem atoxylin  and e o s in  x 230.
-  230  -
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F ig . 40. Human sk in  g r a f t  in o cu la ted  w ith  
w art m a te r ia l ;  h y p e rk e ra to s is  and p a ra k e ra to s is . 
Haematoxylin and eo sin  x 230.
-  231 -
F ig , 41. Human sk in  g r a f t  in o c u la ted  w ith  wart 
m a te r ia l .  Sulphydryl s ta in in g  i s  most in te n se  in  
the  k e r a t in  la y e r s .
M h y d ro x y -d in ap th y l-d i su lph ide  x 230.
IP#E r
F ig . 42. Human sk in  g r a f t  in o c u la ted  w ith  wart 
m a te r ia l .  In ten se  su lphydry l s ta in in g  in  the  
c e n tr a l  k e r a t in .
D ih y d ro x y -d in ap th y l-d isu lp h id e  x 230.
-  232  -
F ig . 43 . A drenal o f  a mouse b e a rin g  a c o r tic o tro p h in  
s e c re t in g  tumour. The Z. f a s c ic u la ta  and r e t i c u l a r i s  
a re  e n la rg ed .
Haematoxylin and eo sin  x 225.
-  233  ~
F ig , 44* LAF1 m ice. The la rg e r  animal b ears  a 
c o r t ic o tro p h in  se c re tin g  tumour.
-  234 -
F ig . 45* FAF 1 mouse; c o r tic o tro p h in  s e c re tin g  
tumour growing in  th ig h  m uscle.
-  235 -
F ig . 46. LAF 1 mouse; c o r tic o tro p h in  
s e c re tin g  tumour growing in  th ig h  m uscle. 
Haematoxylin and eo sin  x 225*
-  236 -
F ig . 47* C o rtic o tro p h in  s e c re tin g  tumour. The c e l l s  a re  
uniform  in  type and show moderate m ito tic  a c t i v i ty .  
Haematoxylin and eo sin  x 950.
-  237 -
F ig . 48 - Thyroid o f LAF1 mouse which h ea rs  a th y ro - 
tro p h in  s e c re tin g  tumour; w idespread e p i th e l ia l  hyper­
p la s i a .
Haematoxylin and eo sin  x 225.
-  238  -
F ig . 49* LAF 1 mouse w ith  th y ro tro p h in  s e c re tin g  
tumours in  bo th  th ig h s ; marked enlargem ent o f o v a rie s  
and u te r in e  h o rn s .
-  2.39 -
F ig . 50. P o rtio n  o f  a g ro s s ly  d i la te d  u te r in e  horn 
from a mouse w ith  a th y ro tro p h in  se c re tin g  tumour. 
Haematoxylin and eosin  x 135*
-  240 -
P ig . 51, Sulphydryl groups in  non- 
k e ra t in is e d  d i-o e s tru s  vag ina. 
D ih y d ro x y -d inap thy l-d isu lph ide  x 225.
P ig . 52. Sulphydryl groups in  upper 
squamous and k e ra t in  la y e r s  in  o e s tru s  
v ag ina .
D ih y d ro x y -d in ap th y l-d isu lp h id e  x 225.
P ig . 53. D isulphide groups in  k e ra t in  
la y e r  in  o e s tru s  vagina. 
D ihydroxy-d inap thy l-d isu lph ide  x 225.
-  241 -
F ig . 54. Vaginal ep ithe lium  o f  a 
mouse w ith  a c o r tic o tro p h in  se c re tin g  
tumour; a s u p e r f ic ia l  la y e r  o f  t a l l  
cuboidal c e l l s .
Haeraatoxylin and eosin  x 950.
F ig . 55* Vaginal ep ithe lium  o f a mouse w ith  a 
c o r tic o tro p h in  s e c re tin g  tumour; s t r a t i f i e d  squamous 
c e l l s  hu t no k e r a t in .
Haematoxylin and eo sin  x 950*
F ig . 56. Vaginal ep ithe lium  from a 
gonadectomised and adrenalectom ised  mouse; 
a double la y e r  o f  cuboidal c e l l s ,  
Haematoxylin and eo sin  x 950-
-  242 -
F ig . 57. E xplant o f human a d u lt sk in ; the  c e l l s  are mainly 
f ib r o b la s t s .
Giemsa x 90.
-  243 -
F ig . 58. E xplan t o f human a d u lt  sk in ; mixed growth o f  f ib r o ­
b la s t s  and e p i th e l i a l  c e l l s .
Giemsa x 90.
-  244 -
F ig . 59. Outgrowth from human sk in ; the c e l l s  are  e p i th e l ia l  
in  ty p e .
Giemsa x 140.
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F ig . 60. D egenerating e p i th e l ia l  c e l l s ;  th e re  i s  no evidence 
o f  k e r a t in  fo rm ation .
Giemsa x 140.
-  246 -
J*1 «
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F ig . 61. Subculture o f an outgrowth from human a d u lt sk in ; 
the  c e l l s  a re  s t i l l  e p i th e l i a l  in  ty p e .
Giemsa x 230.
-  247 -
F ig . 62. S ubculture o f the  e p i th e l ia l  c e l l s  shown in  f ig .  
6 l ;  the  c e l l s  a re  now in d is tin g u ish a b le  from f ib r o b la s ts .  
Giemsa x 230*
-  245 -
F ig . 63. Human a d u lt sk in  in  c u ltu re  d ish . The 
t i s s u e  r e s t s  on le n s  paper and i s  supported by a block 
o f  sponge.
-  249 -
F ig . 64. Perspex  c u ltu re  chamber showing 12 c u ltu re  d ish es  
in  u se .
F ig . 65. Human fo e ta l  sk in  "before c u ltu re ;  the 
S. intermedium c o n s is ts  o f  la rg e  cuboidal c e l l s .  
Haematoxylin and eo sin  x 225.
» » * . , » •
F ig . 66. Human fo e ta l  sk in  a f t e r  8 days in  c u ltu re ; 
the  ep iderm is i s  now composed o f squamous c e l l s  and 
covered by a th in  la y e r  o f k e ra t in  in  which th e re  are 
p a ra k e ra to tic  c e l l s .
Haematoxylin and eo sin  x 225.
-  251 -
F ig , 67* Human fo e ta l  sk in  a f t e r  8 days 
in  c u ltu re ;  an a rea  o f p a ra k e ra to s is , 
Haematoxylin and eo sin  x 950*
~ 252 -
F ig . 68. Human fo e ta l  sk in  c u ltu re d  in  th e  presence o f 
v itam in  A fo r  8 days. Basal c e l l  p r o l i f e r a t io n  and 
prominent k e ra to h y a lin  g ra n u le s .
Haematoxylin and eosin  x 225.
-  253  -
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F ig . 69. Adult hurnan sk in  b e fo re  c u ltu re ;  th e re  i s  a 
lo o se ly  a tta ch e d  k e ra t in  la y e r .
Haematoxylin and eosin  x 230.
-  254 -
F ig . 70. Adult human sk in  a f t e r  2 days in  c u ltu re ; 
th e re  i s  some sep a ra tio n  o f  the  ep iderm is which i s  
composed o f a c t iv e ly  p r o l i f e r a t in g  c e l l s .  
Haematoxylin and eo sin  x 225.
#1
-  255  ~
F ig . 71• Adult human sk in  a f t e r  4 days in  c u ltu re ;  the
epiderm is i s  composed o f  a th in  la y e r  o f sp in d le  shaped 
c e l l s  and p a ra k e ra to t ic  c e l l s .
Haematoxylin and eo sin  x 225.
F ig . 72. Adult human sk in  a f t e r  6 days in  c u ltu re ; 
th e re  i s  now a broad zone o f  a c e l lu la r  k e ra t in .  
Haematoxylin and eo sin  x 225.
-  2 5 6  -
Fig* 73# A dult human, sk in  c u ltu re d  w ith  o e s tra ­
d io l ;  a f t e r  2 days the  appearances a re  s im ila r  to 
c o n tro l c u ltu re s  a f t e r  4 days,
Haematoxylin and eo sin  x 225.
F ig . 74* Adult human sk in  c u ltu re d  w ith  o e s tr a -  
d io l ;  a t  6 days the  p re -e x is t in g  squamous c e l l  
la y e r  i s  com pletely  k e ra t in is e d .
Haematoxylin and eo sin  x 225.
~  257 -
F ig . 75* Adult human sk in  cu ltu re d  fo r  4 days w ith 
o e s tr a d io l ;  a dense a rea  o f  p a ra k e ra to s is . 
Haematoxylin and eosin  x 225*
-  25«  -
P ig . 76. Human a d u lt sk in  a f t e r  4 days in  c u ltu re  w ith  
v itam in  A; b a sa l c e l l  p r o l i f e r a t io n .
Haematoxylin and eo sin  x 225.
F ig . 77• Human a d u lt sk in  a f t e r  6 days in  c u ltu re  w ith  
v itam in  Aj v acu o la tio n  o f th e  squamous c e l l s .  
Haematoxylin and eosin  x 225.
-  259 -
F ig . 78. Human a d u lt sk in  a f t e r  6 days in  c u ltu re  w ith  v itam in  A; 
an is o la te d  a rea  o f k e ra to h y a lin  g ra n u le s .
Haematoxylin and eo sin  x 950*
-  260 -
Fig* 79* 12 day f o e ta l  mouse sk in ; k e r a t in  i s  n o t
p r e s e n t .
Haematoxylin and eo sin  x 225.
F ig . 80. 18 day fo e ta l  mouse sk in ; th e re  i s  a
prominent g ra n u la r  la y e r  and w ell formed k e ra t in .  
Haematoxylin and eo sin  x 225.
-  261 -
F ig . 81. K erat i n i  seel fo e ta l  mouse sk in  a f t e r  2 
days in  c u ltu re ;  th e re  i s  e p i th e l i a l  p r o l i f e r a t io n  
and detachment o f the  k e ra t in  la y e r .
Haematoxylin and eo sin  x 225*
- 262 -
F ig . 82. K e ra tin ise d  fo e ta l  mouse sk in  a f t e r  2 
days in  c u ltu re ;  e p i th e l ia l  c e l l s  a re  growing along 
the  u n d ersu rface .
H aem ato x y lin  and e o s in  x 225.
-  263 -
F ig .  8 3 . K e r a t in i s e d  f o e t a l  mouse s k in  a f t e r  4 d a y s  in  c u l t u r e ;
e p i th e l iu m  su rro u n d s  th e  c u l tu r e  and th e r e  i s  ab undan t k e r a t i n .
H aem ato x y lin  and e o s in  x 225.
-  264 -
F ig . 84 . K e ra tin ise d  fo e ta l  mouse sk in  a f t e r  6 
days in  c u ltu re ;  a c t iv e ly  growing squamous c e l l s  
a re  covered "by a broad la y e r  o f k e ra t in .  
Haematoxylin and eo sin  x 225.
F ig . 85. K e ra tin ise d  fo e ta l  mouse sk in  a f t e r  8 
days in  c u ltu re ;  the  squamous c e l l s  are  now pleo­
morphic and the s u p e r f ic ia l  k e ra t in  lo o se ly  
a tta ch e d .
Haematoxylin and eo sin  x 225*
-  265 -
F ig . 86. K e ra tin ise d  fo e ta l  mouse sk in  c u ltu re d  w ith 
o e s tr a d io l  fo r  2 days. The pre-form ed k e ra t in  i s  la rg e ly  
detached ,
Haematoxylin and eosin  x 150.
- 266 -
F ig , 87. K e ra tin ise d  fo e ta l  mouse sk in  c u ltu re d  w ith 
o e s tr a d io l  fo r  2 days; the squamous c e l l s  a re  la rg e  and 
extend in to  the underly ing  derm is.
Haematoxylin and eosin  x 95^.
-  267 -
F ig . 88. N o n -k e ra tin ised  fo e ta l  mouse sk in  
a f t e r  c u ltu re  fo r  4 days; a dense la y e r  o f 
k e r a t in  has now heen formed.
Haematoxylin and eo sin  x 225.
F ig . 89. H o n -k e ra tin ised  fo e ta l  mouse sk in  a f t e r  
c u ltu re  fo r  6 days w ith  o e s tr a d io l .  The squamous
c e l l s  are  pleom orphic.
Haematoxylin and eo sin  x 225.
-  265 -
F ig . 9 0 * N o n -k e ra t in is e d  f o e t a l  mouse sk in  a f t e r  
c u l tu r e  f o r  4 days w ith  v ita m in  A: th e  c e l l s  a r e  
squamous and th e r e  i s  a v e ry  t h i n  s u p e r f i c i a l  l a y e r  
o f  k e r a t i n ,
H aem atoxylin  and e o s in  x 225*
F ig . 91* B o n -k e ra tin ise d  f o e ta l  mouse sk in  a f t e r  
c u ltu re  fo r  3 days w ith  v itam in  Aj the  ep ith e liu m  
now c o n s is ts  o f f l a t t e n e d  e p i t h e l i a l  c e l l s .
H erat in  has "been formed.
Haematoxylin and eo s in  x 229•
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F ig . 92. Normal in f a n t i l e  mouse vagina; i t  i s  composed 
o f  la rg e  cuboidal c e l l s .
H aem ato x y lin  and e o s in  x 950 .
-  270 -
Fig* 9 3 . I n f a n t i l e  mouse v a g in a  a f t e r  2 d ay s  in  c u l t u r e ;
th e  lo w e r l a y e r s  now show some squamous d i f f e r e n t i a t i o n .
H aem ato x y lin  and e o s in  x 950 .
-  271 -
A/: fy-V" '& ,? ;• .
F ig .  94 . I n f a n t i l e  mouse v a g in a  a f t e r  4 d ay s  in  c u l tu r e ;
th e  e p i th e l iu m  i s  d i s t i n c t l y  squamous in  ty p e .
H aem ato x y lin  and e o s in  x 225.
- 272 -
F ig . 95* I n f a n t i l e  mouse vagina a f t e r  4 
days in  c u ltu re ;  scan ty  k e ra to h y a lin  g ran u les  
are  p re se n t.
Haematoxylin and eo sin  x 950.
F ig . 96. I n f a n t i l e  mouse vagina a f t e r  8 days 
in  c u ltu re ;  i t  i s  covered by a dense la y e r  o f 
k e ra t in  on top o f which are degenerate  cuboidal 
c e l l s .
Haematoxylin and eo sin  x 225.
-  273 -
F ig . 97* I n f a n t i l e  mouse vag ina a f t e r  4 
days in  c u ltu re  w ith  o e s t r a d io l ;  a w ell 
formed k e r a t in  la y e r  i s  p re s e n t . 
Haematoxylin and eo s in  x 225.
F ig . 98* I n f a n t i l e  mouse vagina a f t e r  
4 days in  c u ltu re  w ith  te s to s te ro n e ;  the  
c e l l s  show s l ig h t  squamous developm ent. 
Haematoxylin and eo sin  x 950.
-  274 -
F ig . 99* I n f a n t i l e  mouse vag in a  in  c u l tu r e  f o r  6 days 
w ith  te s to s te r o n e ;  th e  c e l l s  a re  now more d i s t i n c t l y  
squamous in  ty p e .
H aem atoxylin and e o s in  x 950.
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F ig . 100. I n f a n t i l e  mouse vag ina  a f t e r  6 days in  c u ltu re  
w ith  v itam in  A; th e  c e l l s  show some squamous developm ent. 
Haematoxylin and eo s in  x 950*
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F ig . 101. A dult o e s tru s  vagina; a f t e r  2 days 
in  c u ltu re ,  an in te n se  re a c tio n  fo r  su lphydryl 
i s  p re sen t in  the  s u p e r f ic ia l  squamous c e l l s .  
D ih y d roxy-d inap thy l-d isu lph ide  x 135*
F ig . 102. Adult o e s tru s  vagina a f t e r  4 days 
in  c u ltu re ;  th e re  i s  an in ten se  re a c tio n  fo r  
d isu lp h id e  in  the k e ra t in  la y e r .
D ihydroxy-d inap thy l-d isu lph ide  x 135*
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F ig . 103. Adult o e s tru s  vagina a f t e r  6 days in  
c u ltu re ;  th e re  i s  a s u p e r f ic ia l  la y e r  o f k e ra t in  in  
which th e re  are  d eg en era tin g  n u c le i .
H aem atoxy lin  and e o s in  x 225.
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F ig . 104. Adult d i-o e s tru s  vagina a f t e r  
2 days in  c u ltu re ;  an in te n se  re a c tio n  fo r  
su lphydry l in  the s u p e r i f ic a l  squamous c e l l s .  
D ihyd rox y -d in ap th y l-d isu lp h id e  x 225.
F ig . 105. Adult d i-o e s tru s  vagina a f t e r  
2 days in  c u ltu re ;  the  squamous c e l l s  con­
ta in  abundant glycogen.
P e rio d ic  a c id -S c h if f  x 950.
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Fig, 106, Adult o e s tru s  vagina a f te r  
1 day in c u ltu re  w ith  te s to s te ro n e ; 
desquamation of the squamous c e l l  lajyei, 
Haematoxylin and eo sin  x 105»
F ig , 107* Adult o e s tru s  vagina a f t e r  4 
days in  c u ltu re  w ith  te s to s te ro n e ; the 
c e l l s  are now cuboidal in  type . 
H a e m a to x y l in  and eosin  x  9 5 0 ,
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P ig , 108, Adult d i-o e s tru s  vagina a f t e r  4 days in  
c u ltu re  w ith  te s to s te ro n e ;  the  c e l l s  a re  squamous in  
type and th e re  i s  s u p e r f ic ia l  p a ra k e ra to s is . 
Haematoxylin and eosin  x 950,
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Fig , IO9 , Adult o e s tru s  vagina a f t e r  1 day in  c u ltu re  
w ith  p rogesterone; sep a ra tio n  o f  the squamous c e l l  la y e r . 
Haematoxylin and eo sin  x 225-
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F ig , 110, A dult d i-o e s tru s  vagina a f t e r  4 days in  
c u ltu re  w ith  p rogesterone; many c e l l s  a re  vacuo la ted  and 
co n ta in  pyknotic n u c le i .
H aem atoxy lin  and e o s in  x 950 ,
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F ig , 111. Adult d i-o e s tru s  vagina a f t e r  6 days in  
c u ltu re  w ith  p rogesterone; the s u p e r f ic ia l  c e l l s  a re  
squamous in  ty p e .
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F ig . 112. Adult o e s tru s  vagina a f t e r  4 days in  Vitamin 
A; the  c e l l s  a re  s t i l l  m ainly cuboidal and th e re  are 
s u p e r f ic ia l  k e ra to h y a lin  g ra n u le s .
H aem atoxy lin  and e o s in  x 950 .
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F ig . 113. A d u lt o e s t r u s  v a g in a  a f t e r  6 d ay s  in  V itam in
A; th e  c e l l s  a re  squamous in  ty p e  and many a re  v a c u o la te d .
H aem atoxy lin  and e o s in  x 950*
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F ig , 114, Adult o e s tru s  vagina a f t e r  8 days 
in  c u ltu re  w ith  Vitamin A; the squamous c e l l s  
co n ta in  abundant glycogen.
P e rio d ic  a c id -S c h iff  x 950*
TECHNICAL APPENDIX
-  288 -
TECHNICAL METHODS
FIXATION
Human sk in  le s io n s  were i n i t i a l l y  d iv ided  in to  th re e  p ieces  
and one p a r t  f ix e d  fo r  24 hours in  Formol—Zenker, Ibrmol—co rro siv e  
o r  lOfe n e u tra l  aqueous Form alin. The most s a t i s f a c to r y  r e s u l t s  
were o b ta in ed  w ith  n e u tra l  form alin  and as the  t i s s u e s  were 
g e n e ra lly  n o t more than 4 mm, in  th ick n ess  12 hours f ix a t io n  was 
r o u t in e ly  used . A s im ila r  period  in  t h i s  f ix a t iv e  was used 
fo r  the  c u ltu re d  t i s s u e s .  Where o th e r f ix a t iv e s  were used they  
a re  g iven  in  the  sec tio n  on s ta in in g  methods.
PROCESSING PROCEDURE
P a ra f f in  sec tio n s  cu t a t  6 p. were used ro u tin e ly . The 
fo llow ing’ method gave good r e s u l t s .  The tendency fo r  sk ins to  
become b r i t t l e ,  p a r t ic u la r ly  those w ith  h y p e rk e ra to sis , was 
m inim ised by employing r a th e r  sh o rte r  periods o f dehydration  than 
i s  u su a l and by c le a rin g  in  cedar wood o i l .
7C$3 alcohol 
90/i a lcohol 




Absolute s p i r i t  1 hour
Absolute a lcohol 1 hour
Cedar wood o i l  overn ight
Rinse excess w ith  x y lo l.
Wax bath  a t  ^6°0 fo r  2 hours — tw ice.a  o .
Embed in  fresh  wax.
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STAINING METHODS
As described in the text three staining methods proved o f  
value in  the present study. These are Haematoxylin and Eosin, 
the Dihydroxy-dinapthyl-disulphide method for sulphydryl and 
disulphide and the periodic acid -Sch iff method for glycogen.
These methods w ill be described in d e ta il . The other methods 
employed contributed r e la t iv e ly  l i t t l e  and w ill only be described 
where th eir  method of use d iffer s  from that given in standard 
textbooks.
Haematoxylin and Eosin; H arris's Haematoxylin (Carleton & Drury, 
1957 )  was generally used and proved most satisfactory .
1. Bring paraffin sections to v/ater.
2. Haematoxylin 3 minutes.
3. Wash with tap water u n til blue (approximately 2 minutes).
4 . Decolourise in l£  acid-alcohol.
5. Wash in tap water u n til blue (approximately 3 minutes).
6. Counterstain with lp watery eosin -  10 seconds.
7 . Rinse with tap v/ater.
8. Dehydrate with (a) 7°fc alcohol, (b) absolute alcohol.
9 . Clear with x y lo l.
10. Mount in 1D. P.X. 1
The Dihydroxy-Dinapthyl-Disulphide Method for SH and SS: (Barmett
&  Seligman, 1952 and 1954)- Although the authors recommend
fixa tion  with Ip tr ich loracetic  acid in 70^ alcohol, equally good
resu lts  were obtained with formalin fixed  m aterial.
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Sulphydryl:
1. Take sec tio n s  to  w a ter.
2 . Incubate  s l id e s  in  a cop lin  j a r  fo r  1 hour a t  50° C in  a 
so lu tio n  prepared  by mixing 35 ml. 0 .1  M M ichaelis  
b a r b i ta l  b u f f e r ,  (pH 8*5)and 15 ml. abso lu te  e th y l 
a lcoho l co n ta in in g  25 mg. 2 .2  di-hydroxy, 6.6 d i­
nap th y l- d i  su lphide (1 J . The reagen t i s  alm ost com pletely 
so lu b le  in  above alcohol b u ffe r  m ixture.
3. Cool fo r  10 m inutes a t  room tem peratu re .
4* Rinse b r i e f ly  in  d i s t i l l e d  w ater,
5. Wash fo r  10 m inutes in  two changes o f d i s t i l l e d  w ater
a c id i f ie d  to  pH 4-4*5 w ith  a c e tic  ac id .
6 . Pass through a graded s e r ie s  o f a lco h o ls  and wash in
abso lu te  e th e r  fo r  5 m inutes.
7. Dehydrate and r in s e  in  d i s t i l l e d  w ater.
8 . S ta in  fo r  2 m inutes a t  room tem perature in  the  fo llow ing
f re s h ly  prepared  m ixture -  58 mg1, te t r a z o t iz e d  d i­
o rtho  a n is id in e  in  58 ml. 0 .1  M Sorensen phosphate b u ffe r , 
pH 7*4*
9. Wash in  running tap  w ater.
10. Mount w ith  g ly cero g e l.
Although the  o r ig in a l  au thors s ta te  th a t  s tep  Ho. 6 should be 
c a r r ie d  out ra p id ly , i t  has been found th a t  th i s  should no t be done
too h u rr ie d ly  — approxim ately 10 seconds in  each reag en t.
P isu lp h id e ;
1. Cover t is s u e  w ith  b‘i  c e l lo id in .
2 . In c u b a te  20-24 h o u rs  a t  37°C in  0 .1  K iT-ethyl-m aleim ide.
3 . In c u b a te  in  10): p o t .  cy an id e  f o r  2 h o u rs  a t  37 C.
4 . Wash v e ry  th o ro u g h ly  in  ru n n in g  w a te r .
a . S ta in  w ith  ODD as  above.
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P e rio d ic  a c id -S c h if f  Method:
1 . Bring p a ra f f in  sec tio n s  to w ater.
2. Immerse in  p e rio d ic  ac id  so lu tio n  ~ 5 m inutes.
3. Rinse in  d i s t i l l e d  w ater.
4 • Pour on S c h if f 's  reagen t and leave fo r  20 m inutes.
5. Pour on 3 changes o f sulphurous acid -  3 m inutes in  each.
6 . Wash in  running' w ater fo r  3 m inutes.
7. C oun tersta in  w ith haem atoxylin fo r  1 
S c o t t ’ s tap  w ater s u b s t i tu te .
minute and b lue w ith
8 . D ehydrate, c le a r  and mount in  DPa .
The S c h if f ’s reagen t and sulphurous acid  so lu tio n  are 
p repared  as described  by C arleton and Drury (1957)*
Use o f d ia s ta s e ;
1. Bring p a ra f f in  sec tio n s  to w ater.
2. Cover w ith  a 1/’ so lu tio n  of d ia s ta se  (L ight & Co.) in  
d i s t i l l e d  w ater fo r  30 minutes a t room tem peratu re.
3. S ta in  sec tio n s  By p erio d ic  a c id -S c h iff  method as above.
Feulgen React io n  fo r PNA; The method used i s  th a t  o f Feulgen and 
Rossenbeck ( I 924) m odified by Pearse ( I 96O). The optimum time o f 
h y d ro ly s is  was found to  be 10 minutes a t  60°C,
The Methyl Green-Pyronin Method fo r ENA: (B rachet, 194-2). As 
suggested  by Pearse ( I 96O), orange b was om itted from so lu tio n  B. 
Fresli s o lu tio n s  were prepared weonly and u n s a t is fa c oovy batches* 
as judged by co n tro l sections* d iscarded .
Ribonuc.lease e x tra c tio n  was c a rrie d  out a t 37°C fo r one hour
w ith  a 0 , 5/- aqueous so lu tio n  o f the enzyme.
^ho^eh;;t:.!.sa: m odii: cation  of C-omcri* s o rig in a l method by
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H olt (1959) was used . Frozen se c tio n s  were p repared  from t i s s u e s  
f ix e d  fo r  24 hours in  co ld  form ol-calcium  so lu tio n  (4G/° w/v 
formaldehyde and 1% CaCl) and p o s t f ix e d  fo r  7 days in  co ld  
hyp erto n ic  gum sucrose s o lu tio n .
A lka line  P hosphatase: The Azo coupling  dye technique a s  d esc rib ed  
by Pearse  ( i 960 ) was used on frozen  se c tio n s  from t i s s u e s  fix e d  in  
co ld  n e u tra l  fo rm alin  fo r  15 hours.
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ANIMAL- METHODS
Stock an im a lss ' The tumours a re  c a r r ie d  in  female LAF 1 m ice.
These are  f i r s t  g en e ra tio n  h y b rid s from the  m ating o f female C57 
Leaden/Jax and male A/Heston Ja x , The p a ren t stocks a re  ob ta ined  
by th e  b ro th e r  and s i s t e r  m ating o f ped igree  s t r a in s  o r ig in a l ly  
ob ta ined  from Jackson Memorial L aboratory , Bar Harbor, Maine.
Tumour t r a n s p la n ta t io n ; The anim als a re  k i l l e d  by c e rv ic a l 
d is lo c a tio n  and the  tumours d is se c te d  w ith  a se p tic  p re c au tio n s .
They g e n e ra lly  measure 1 cm. in  d iam eter. A fte r washing in  
Medium 199 th ey  are minced w ith  s c is s o rs  and medium added to  make 
an approxim ate 20/i suspension . 0.05 m l. o f t h i s  f lu id  i s  in je c te d  
in to  the  m uscles o f the  r ig h t  th ig h  usin g  a tu b e rc u lin  syringe and 
a number 1 n eed le .
Vaginal sm ears? The method i s  th a t  dev ised  by Dr. B ea trice  
P u ll in g e r . A drop o f w ater i s  p laced  on a s l id e  from a small 
p latinum  loop . The vagina i s  s troked  g e n tly  w ith  the  loop and 
th e  adheren t c e l l s  mixed w ith  the drop o f w ater and smeared on th e  
s l id e .  Between smearing each animal th e  loop i s  s t e r i l i s e d  by 
h e a tin g  in  a gas j e t .  Six smears can be p laced  on each s l id e .
They are f ix e d  by immersion in  fo rm o l-co rrosive  fo r  2 m inutes and 
s ta in e d  w ith  1> aqueous methylene b lu e .
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TISSUE CULTURE METHODS
A* PLASMA CLOT CULTURES
1-g- x 3/8" g la ss  coverslips (Chance ho. 2) are l ig h t ly  coated 
with chick plasma (Difco T.C. 0483) and l e f t  for 15 minutes.
P ieces  o f  t i s s u e  no t more than  2 mm. square are  immersed b r i e f ly  
in  ch ick  embryo e x tr a c t  (D ifco T.C. 0355 d ilu te d  to  EE 20). The 
fragm ents a re  then p laced  011 the  coated s lid e  and l e f t  fo r  20 m inutes 
u n t i l  a firm  g e l has formed. The c o v e rs lip s  are  then  p laced  in  a 
6 x 5/8'* t e s t  tube and medium added. The tubes a re  sea led  w ith  
s i l ic o n e  s to p p ers  and incubated  s ta t io n a ry  a t  37°C, and tu rned  
tw ice d a ily .  For exam ination the  c o v e rs lip s  a re  removed and th e  
c u ltu re s  f ix e d  in  a lcoho l and s ta in ed  by d i lu te  Giemsa.
The plasma c lo t  c u ltu re s  in  watch g la s s e s  are  p repared  in  a 
s im ila r  way; 0 .4  ml. each o f embryo e x tra c t  and chick plasma being 
used to  form th e  c lo t .  T issues are  removed every second day, washed 
in  s a lin e  and p laced  on f re s h  c lo t .  For exam ination the  e n tire




( i )  M a te r ia ls :
1, 1-g- x 1-jl11 f l a t  watch g la s se s  (B aird  & Tatlock G lass b lock
3)6/612). 2. C ellu lo se  a c e ta te  sponge (commercial foam p la s t i c ) .
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3. Lens Paper (Reeve-Angel, New York, No. 4365°)• 4» Culture
chamber.
( i i )  P rocedures T issu es  a re  cu t in to ,  a t  la r g e s t ,  2 mm. square 
p iece s  w ith  s c a lp e ls  ( s t r a ig h t  b lad es ; Swann-Morton, No. 11, have 
been found to  be most s a t i s f a c to r y ) .  For the d is s e c tio n  o f small 
t i s s u e s  a b in o c u la r  d is s e c t in g  microscope w ith  a m ag n ifica tio n  o f 
x 10 i s  used . The p ie ce s  o f t i s s u e  are  washed in  medium 199 0^ 
remove any blood o r fragm ented t i s s u e .  They are then  p laced  on 
le n s  paper which r e s t s  on f i l t e r  paper m oistened w ith  medium.
The le n s  paper i s  then  la id  c a re fu l ly  on top o f  the sponge which i s  
in  the  c en tre  o f the  c u ltu re  d ish  p a r t i a l l y  f i l l e d  w ith  medium. 
F u rth e r medium i s  added u n t i l  the  top o f the  sponge i s  reached 
and the  t i s s u e  p a r t i a l l y  covered by c u ltu re  medium. The d ish es  are 
then  t r a n s fe r r e d  to  the c u ltu re  chamber which i s  p rev io u s ly  heated  
to  37°C and flu sh ed  w ith  CO^  in  oxygen. The chamber i s  
g e n e ra lly  flu sh ed  tw ice d a i ly  and u n le ss  in d ic a te d  in  the  te x t ,  
e .g . ,  v itam in  A c u ltu re s ,  the  medium i s  changed d a ily .  For 
exam ination the  le n s  paper w ith  the  t i s s u e  are  tra n s fe r re d  to  
n e u tra l  fo rm alin  and p a ra f f in  sec tio n s  p repared .
( i i i )  C onstruction  o f  the  t is s u e  c u ltu re  chamber: The m a te ria l
used i s  c le a r  a c ry lic  p la s t i c  ( I .C . I .  Perspex) and the p a r ts  jo ined  
w ith  a cement, made by d is so lv in g  p ieces  o f  ’Perspex ' in  E thylene 
Chloride u n t i l  a syrupy so lu tio n  i s  o b ta in ed . The chamber c o n s is ts  
o f  a r e c t a n g u l a r  box w ith  th e  i n t e r n a l  m easu rem en ts, 104 " long, 8"
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broad and 10" deep, th e  s id e s  being i "  th ic k . The flan g e  a t  the  
top  o f  th e  box i s  made in  one p iece  and cemented to  th e  box.
Each o f  th e  s id e s  o f t h i s  p a r t  i s  l i M broad, th u s  allow ing  1 inch 
to  p ro je c t  beyond the  o u ts id e  o f the box. 14 c learance  h o le s  
a re  d r i l l e d  in  the  flange  to  take the b o l ts  which fa s te n  down the 
cover, the  h o le s  being arranged 5 °n each o f  the long s id e s  and 4 
on each o f th e  sh o rt s id e s .
The cover i s  made from perspex and sea led  w ith  a 1/16"
th ic k  rubber j o in t .  14, it" x 1 M b o lts  w ith  wing n u ts  secure the  
cover. I n l e t  and o u t le t  h o les  are  d r i l l e d  a t  the  bottom and top  
o f  op p o site  s id e s  o f the chamber, and are  tapped to  take  b ra ss  
connections fo r  rubber tub ing .
Shelves, t ' x 3- x 6" are  a ttach ed  to  both o f the  sh o rt s id es  
a t  a h e ig h t o f 2" from the to p . These c a rry  a la rg e  t r a y .  To 
in c re a se  the  number o f c u ltu re s  in  the  chamber a rack  was made to  
f i t  between the  sh elves. This c a r r ie s  fo u r sm aller t ra y s  l^ "  
a p a r t .  One side o f the rack  i s  l e f t  open to  allow the  tra y s  to  
s l id e  o u t. The tra y s  are  made from 1 /8" th ic k  s t r ip s  a tta ch ed  
to  form squares, in to  which the c u ltu re  d ish es  are p laced . Holes 
are  d r i l l e d  in  these  s t r ip s  to f a c i l i t a t e  the c irc u la t io n  o f gas. 
The tra y s  c a rry  12 d ish es  each, g iv ing  a to ta l  cap ac ity  o f 60 
d ish e s .
CARS OF GLASSWARE
C u ltu re  d i s h e s :
1 . P la c e  in  h o t soapy  w a te r  -  12 h o u r s .
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2. Wash thoroughly .
3. Rinse in  running tap  w ater.
4. Place in three changes of d is t i l le d  water.
5. Inspect -  i f  not clean return to stage 2.
6. Dry.
7 . Rubber capped b o t t le s  are  au toclaved  -  d ish es  and p e t r i  
d ish e s  put in to  co n ta in e rs  and s t e r i l i s e d  a t  180° C fo r  
1 hour.
P ip ettes:
1. Clean in  1 Oy Potassium  dichromate so lu tio n .
2. Wash in  autom atic p ip e tte  washer ov ern ig h t.
3. P lace in  vtwo changes o f d i s t i l l e d  w ater.
4 . Dry.
5. In sp ec t and p lace  in to  co n ta in e rs  and s t e r i l i s e  a t  18°C 
fo r  1 hour.
P rep a ra tio n  o f  sponges and len s  paper: Sponges and paper are  cut
in to  s t r i p s  (1 x -g- cm .).
1. Immerse in  d i s t i l l e d  w ater fo r  -y hour.
2. Immerse in  m ethylated s p i r i t  fo r  ■§■ hour.
3. B oil in abso lu te  a lcoho l.
4 . Immerse in  e th e r  fo r  1-g- hours.
5« Immerse in  abso lu te  a lcohol 1 hour.
6. Immerse in  m ethylated s p i r i t  1 hour.
7. Immerse in  d i s t i l l e d  w ater 1-g- hours.
8 . Dry a t  140°C in  gas oven.
9* S te r i l i s se a t  5 lb s .  p ressu re  fo r  20 minutes
Stock S o lu tions of the s te ro id s  and o th e r  substances added to  the 
medium contained  5 mg./ml.  and were s to red  a t  4 ^ (except Vitamin 
A which was f re s h ly  p rep ared ). Por use they were d i lu te d  so th a t  
0.01  ml. o f  the a lco h o lic  so lu tio n  was added to  1 ml. o f  medium.
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